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PREFACE. 



Some years ago, being very much confined by ill health 
during the winter, I occupied much of my time in study- 
ing and writing upon the subject of the following treatise, 
taking the matter from whatever quarter it was pre- 
sented, solely for my own improvement and amusement, 
without any thought of ever publishing it. Having 
found many pupils slow in understanding the difference 
between the physical and chemical properties, I have 
subsequently read portions of it at the beginning of my 
courses of lectures on chemistry, as I think not without 
benefit to my classes. When afterwards the thought of 
publishing presented itself, private considerations pre- 
vented. More recently, the whole of it has been rewrit- 
ten ; and a full index framed, and it is now sent forth in 
search of readers. Should success attend this effort, and 
other engagements permit, it may be followed by treatises 
on other, but kindred, branches of sciences now in the 
course of preparation. 

G. M, M. 

Alleghany Citt, Pa., Oct. 18tb, 1358. 
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ELEMENTS OF SOMATOLOGY. 



INTRODUCTION. 

1. As in the Greek language the same word xo<5>o£ signifies 
the world, or universe and order, and in the Latin language 
mundus has both meanings ; so, in English, the word nature 
always brings to the mind, with greater or less distinctness, 
the idea of beauty, order, or adaptedness of things to then- 
condition. The same is probably true of the corresponding 
words in every language. 

Nature may be denned the system of the world or the 
universe ; and may be considered as embracing two great 
departments, mind and matter. Mind is the part of a being 
which perceives, thinks, wills, and is susceptible of moral 
emotion. Matter or substance is what may be seen or felt, 
or may affect any of our senses. Of the absolut e nat are of 
either mind or matter we can have no definite idea ; we 
know them only by their properties: these are so different 
as to lead, perhaps universally, to the division of general 
sciences into two great classes corresponding to the two 
objects of contemplation, viz. Metaphysics, the science of 
mind, and Natural Philosophy, the science ol matter. 
These, though to a certain extent independent, arc, never- 
theless, in some respects closely allied. _ 

The earliest exercise of the powers of observation and 
1* 
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reason must have led man to recognise resemblances and 
differences among the various objects in nature ; and be 
ing aware that by carefully investigating the properti< 
a few he may obtain a general knowledge of all, sufficient 
to secure the possession of what is desirable, and the avoid- 
ance of what may be hurtful, he must soon have been led 
to arrange the objects referred to into the three great king- 
doms of nature — the animal, the vegetable, and the mineral j 
and this slight attainment must have produced a thirst for 
more knowledge, and led to the invention of various 
methods by which to obtain this object. The classification 
and minute description of these objects constitute Natural 
History. "When examining the forms and qualities of 
bodies, the mind takes cognizance of motions or changes : 
simple expressions describing them are called General 
Truths or Laws of Nature; and their assemblage is named 
Science of Philosophy, in contradistinction from Natural 
History — the term science here meaning exact knowledge. 
All motions, changes, or phenomena (using these terms as 
synonymous) of the universe are repetitions or mixtures of 
a few simple motions, which science assumes as its basis to 
be in all cases as constant and regular as in producing the 
return of the seasons. Natural History, Science of Philo- 
sophy, and Metaphysics embrace the whole sum of the 
knowledge of nature. The properties and relations of all 
material nature fall within the domain of Physical Science 
or Natural Philosophy in the most extended sense of the 
term ; but they are divided into organic and inorganic ; and 
the inorganic are subdivided into terrestrial and celestial. 
The study of the heavenly bodies, together with certain 
terrestrial phenomena, intimately connected with their influ- 
ence, constitutes a distinct science— Astronomy. The re- 
maining departments of Physical Science are, Physique or 
Natural Philosophy proper, Chemistry, and Science of Life. 
2. Natural Philosophy, in this restricted sense, views 
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matter in masses, explains the phenomena of the material 
world hy the properties of matter, and treats of the agents 
which produce the changes in inorganic matter; such as 
the unknown causes of attraction, light, heat, electricity, etc. 
Its laws govern every phenomenon of nature in which sen- 
sible change of place occurs, being concerned alone in the 
greater part, and regulating the remainder originating from 
chemical action or from the action of life. Chemistry inves- 
tigates the peculiar properties of individual bodies, their 
reactions, the laws of their combinations, decompositions, 
etc. Iron, sulphur, carbon, and about sixty other bodies, 
singly obey the laws of physics. Two or more in contact, 
under certain circumstances, exhibit new orders of pheno- 
mena. Iron and sulphur heated together form a yellow 
mass unlike cither ; under other circumstances they separate. 
They are not withdrawn from physical laws: the pheno- 
mena are merely modifications of general attraction and 
repulsion. Many chemical are only the beginnings of purely 
mechanical changes, e.g. in the explosion of gunpowder 
the new chemical arrangements of the particles causes a 
change of form and motion. All chemical manipulations 
are directed by physics alone. Chemistry is hut a super- 
structure upon physics. 

In vast multitudes of bodies matter exists in its most 
complicated state, under the influence of life, being arranged 
into oro-ans capable of performing certain fumtions essential 
to the continuance of lite, or otherwise useful to the being. 
Such collections of matter are called "organized bodies." 
They are arranged in two classes, viz. vegetable, which 
are fixed to the soil; and animal, which have the power of 
locomotion. The science of life investigates growth sensa, 
tion, self-motion, decay, death, etc. It is divided into an - 
li'and vegetable physiology. ^ phenomena o which 
it treats occurring in structures obedient to the laws ot 
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those sciences, and cannot be studied independently of them. 
The greater part of the phenomena of organic life are 
merely chemical and physical phenomena modified by an 
additional principle. Terms of quantity are required to 
express most of the facts and laws of physics, chemistry, 
and life : e.g. the magnitude of a body, the force of attrac- 
tion between bodies and its relation to their distances : 
hence the necessity of standards. The rules for applying 
these standards and comparing quantities constitute the 
Science of Quantity, or Mathematics. 

3. In all investigations of the course of nature, two dis- 
tinct steps are taken, the first of which is observation, which 
may regard only the phenomena as presented to us by 
nature in its ordinary course or in extraordinary and dis- 
turbed conditions, which conditions may be the result of 
our own intention, and is then called experiment. The 
second step is a metaphysical one, and maybe either of two 
very different kinds, corresponding to the a priori and 
the a posteriori or inductive methods of reasoning upon 
mental subjects. The former alone would very slightly 
extend our knowledge ; even experiment, unless aided by 
reasoning, which is the second step, would be of little avail. 
The mere observer of nature will perceive differences 
between a stone, a tree, and a horse ; but if he do not 
reason upon the differences, his knowledge will be but an 
assemblage of truths of little or no practical use. The che- 
mist may observe that bodies have various forms or colors ; 
he may find them to change their form or color ; but if he 
do not reason upon these data, he will have little knowledge 
of the nature of these bodies, of that of light, or of the 
causes inducing the changes: and however many facts he 
may thus accumulate, his knowledge will never deserve the 
name of science; but will be absolutely useless, even as the 
most precious treasures buried in the sands of a vast desert 
Of the two strictly mental steps in investigation already 
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referred to, the a priori is that in which the mind draws 
particular conclusions from general principles which have 
been assumed, or infers particular effects from known causes 
of a more or less general kind. With regard to the other 
step, the a posteriori or inductive, there has been in many 
minds much misapprehension, arising from the term induc- 
tion being used in different senses ; sometimes as referring 
only to the collection of data, and at other times as denoting 
the process of reasoning from those data. 

Thus induction has been thought to differ from syllogistic 
reasoning, but incorrectly ; for though in the process of 
induction the thoughts may not be presented in the form 
of syllogisms ; there is no correct induction which is incapa- 
ble of being expressed syllogistically. The a posteriori or^ 
inductive process may therefore be called the syllogistic : 
by it we draw general conclusions from particular facts, we 
decide upon general causes from the knowledge of several 
particular effects: the accuracy of such conclusions will 
depend very much upon the number, variety, and nature 
of the particulars. Having by induction obtained these 
general conclusions the mind may, using them as premises, 
deduce particular consequences. This deduction is but a 
form of a priori reasoning, and may be used in confirmation 
of inductions. Having attained to certain conclusions by 
reasoning upon one series of phenomena, we sometimes infer 
similar conclusions, without distinct argumentation, as to 
another series of phenomena, some resemblance being sup- 
posed to exist between the two series : we are then said to 
reason from analogy. The accuracy of all such conclusions 
will, of course, depend upon the degree of resemblance or 
no-reement existing between the classes of phenomena. By 
many minds the meanings of the terms law, cause and 
effect (terms which are frequently used) appear to be 
greatly misapprehended : by law is not meant an arbitrary 
deeiso'n controling the properties of matter which might as 
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well in the nature of things be the contrary of what they 
are, but an extended generalization expressing the ordi- 
nary course of occurrences in nature. The terms cause 
and effect refer to steps in that course, and are to be used 
somewhat in the sense of antecedent and consequent : for 
two events, of which one appears to be the inevitable result 
of the other and entirely dependent upon it, may both be 
but consecutive results of quite another antecedent. In 
physical matters we are not to look for the absolute certainty 
found in mathematics ; in them we can only say that par- 
ticular effects having been constantly produced under certain 
circumstances, they probably depend on those circum- 
stances, and they will most likely be produced as long as the 
circumstances continue. Such is the correct meaning of 
the expression, " laws of nature." 

The celestial and all great terrestrial phenomena are said 
to be governed, and the healing art, engineering, etc., to be 
influenced by the laws of physics ; which means that the 
former are entirely, and the latter to some extent, in accor- 
dance with the generalizations expressed by the so-called 
physical laws. The phenomena may be simple ; we are then 
said to assign its cause, when we adduce the generalization 
or law of nature to which it appertains : or it may be com- 
plex, in which case its explanation requires separation into 
its several parts, and the reference of each to its appropri- 
ate generalization. Pure mathematics is not an inductive 
science, but strictly deductive, and admits no method of 
proof but by deduction. 

4. The terms hypothesis and theory are often used, some- 
times very indeBnitely, as expressive of the reliance to be 
placed upon statements of the laws of nature, or of the 
connexion existing between effects and their supposed causes. 
It may not be out of place here to endeavor to assign some 
definite idea to these terms. The mind having by observa- 
tion, induction, deduction, or anoalgical reasoning, acquired 
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the knowledge of a number of phenomena, and attained to 
generalizations expressive of them, may conjecture some- 
thing to have been the originating cause of the whole series 
of facts ; this conjecture is an hypothesis. It affords us an 
example, hut by no means necessarily accurate, of a priori 
reasoning. It has been remarked by Darwin, that to think 
is to theorize. A theory may be defined an expression of 
mental apprehension of probable generalization. A theory, 
if pure, is the result of induction ; but the whole expression 
may be in part hypothetical ; it must in either case depend 
upon the observation of phenomena. In the days of 
Lavoisier, all acids whose compositions were known con- 
tained oxygen ; hence he induced the generalization, or 
formed the theory, that oxygen is the universal acidifying 
principle. The observation that all bodies under favorable 
circumstances approach each other, has led to the hypothesis 
that all matter is possessed of a power or property called 
"attraction." A large number of facts are called electri- 
cal ; a fluid has been conjectured to exist, possessed of 
properties which will readily account for the various pheno- 
mena; the explanation of these phenomena on this supposi- 
tion is called the electrical theory ; it is a hypothetical 

theory. 

The following extract is from Cavallo : — 

" The axioms of philosophy, which have been deduced 
from common and constant experience, are so evident and 
so generally known, that it will be sufficient to mention a 
few of them only. 

" I. Nothing has no property ; hence 

» II. No substance, or nothing, can be produced from 
nothing by any created being. 

« III Matter cannot naturally be annihilated or reduced 
to nothing ; and although many things appear to be utterly 
destroyed, as suppose by the action of fire, by evapora- 
tion <fcc, vet in those cases the substances are not anmhi- 
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lated, but they are only dispersed or divided into particles 
so minute as to elude our senses. 

" IV. Every effect has, or is produced by, a cause, and is 
proportionate to it. 

" The rules of reasoning in philosophy, which have been 
formed after mature consideration, and which must serve 
to prevent errors as much as possible, and lead us along the 
shortest and safest way to the attainment of true and use- 
ful knowledge, are as follows : — 

" I. We are to admit no more causes of natural things, 
than such as are both true and sufficient to explain the 
appearances. 

" II. Therefore, to the same natural effects Ave must, as 
far as possible, assign the same causes. 

" II L Such qualities of bodies as are not capable of in- 
crease or decrease, and which are found to belong to all 
bodies within the reach of our experiments, are to be 
esteemed the universal qualities of all bodies whatsoever. 

" IV. In experimental philosophy, we are to look upon 
propositions collected by general induction from phenomena, 
as accurately or very nearly true, notwithstanding any con- 
trary hypothesis that may be imagined, till such time as 
other phenomena occur, by which they either may be cor- 
rected, or may be shown to be liable to exception." 



SOMATOLOGY. 

5. This name, derived from the Greek words tf Wf ia, body, 
and Xo 7 o<r, discourse, is defined, the doctrine of bodies or 
material substances, and is applied to that department of 
natural philosophy which treats of the nature and constitution 
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or general properties of bodies in contradistinction to the 
peculiar properties of individual bodies, or classes of bodies. 
The visible universe is made up of minute atoms called 
matter ; which term conveys no idea of figure. A separate 
and determined portion of matter is called a body. The 
minuteness of the parts into which bodies may be divided, 
has led to the question whether matter really exist. In 
reply, it is usual to refer to weight, the proofs of indestruc- 
tibility, and the occupancy of space, called impenetrability. 
Of the intimate nature of matter, as has been already inti- 
mated, we know absolutely nothing, being acquainted only 
with its properties. The present state of knowledge does 
not enable us to determine whether there be but one kind 
of matter consisting of particles of definite shape, size, 
density, hardness, &c, which by various modifications forms 
all bodies in the universe ; nor, there being more than one 
kind of matter, to form the slightest conjecture of their 
number. It is usual, however, to attribute the difference in 
the properties of the various bodies to differences in the 
nature of the atoms of which they are formed, and to con- 
sider the bodies as constituted by the aggregation of mole- 
cules which are assemblages of atoms, the atoms not being 
in absolute contact, but separated by an atmosphere of 
caloric. General properties of matter are properties be- 
longing to all known bodies. The following fourteen are 
now recognised as general properties of bodies:— 1. Ex- 
tension. 2. Impenetrability. 3. Figure. 4. Divisibility. 
5. Indestructibility. 6. Porosity. 1. Compressibility. 8. 
Disability. 9. Mobility. 10. Inertia. 11. Attraction. 
12. Repulsion. 13. Polarity. 14. Elasticity. 

We can form no conception of matter in the absence of 
extension and impenetrability. 
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EXTENSION. 



6. Extension is the occupation of a portion of space by a 
body. It is observed in three directions, viz. — of length, 
breadth, and thickness. Magnitude, size, bulk and volume 
are other names for extension. Space is without ; and may 
be in the mind indefinitely divided. The idea of space is 
not received by experience, but exists in the mind, inde- 
pendently of, but in its exercise constantly united with, 
experience, of which it is the beginning, as all the idea we 
can entertain of extex*nal bodies must be in connexion with 
that of the existence of space. In like manner it is perhaps 
impossible that the idea of space should arise in the mind 
independently of that of matter; but having conceived the 
idea of two distinct portions of matter, that of the distance 
between them will readily follow, and it may be entirely 
distinct from that of any matter occupying that distance ; 
we may also coneeive of either or both these portions of 
matter being annihilated or removed, without the portions 
of space being occupied by any other bodies ; in both cases 
we have the single idea of space. The portion of space 
from which matter is supposed to be or has actually been 
removed, is called " pure space," " void space," or " va- 
cuum ;" examples of it are found in vessels from which all 
air has been entirely removed by an air-pump, they being 
destitute of ponderable matter; and, although they can be 
crossed by light, heat, and other imponderables, unless these 
be material, are destitute of all matter. 

It is often desirable to ascertain the magnitude of a body ; 
this is accomplished by comparing it with some other whose 
dimensions are assumed as a standard. The selection of a 
standard is arbitrary: in English measures the size of a full 
grown gram ofbarley,beingconsidered as always thesame,is 
taken as the standard ; hence the measure barley-corn But 
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the measure cannot be viewed as invariably fixed in this case, 
nor in any other in which the standard is not necessarily 
undeviating in size. The only system of measures possess- 
ing this unvarying uniformity, is the French system, or such 
as has had its accuracy determined by comparison with it. 
This French system is founded on the length of a meridian 
of the earth, as ascertained by a series of carefully con- 
ducted measurements : a forty millionth of the length of 
the meridian is taken as the length of a metre assumed as 
the unit of measurement. This French system, being re- 
ferred to in most scientific works of modern times, should 
be well known in comparison with other systems. 

An index revolving parallel to the circumference of a 
screw bearing a certain relation to the spaces between the 
threads of the screw, an arc of the circle traversed by the 
index may be considered an accurate measure of the space 
through which the point of the screw 
passes. (Fig. 1.) If the threads of 
the screw be one half, one quarter, or 
one eighth of an inch apart and the 
circle be divided into one hundred 
equal parts, then on turning the screw 
the point of the index would pass 
over one part, while the screw passes 
one two hundredth, one four hun- 
dredth, or one eight hundredth part 
of an inch. Or the intervals between the threads of the 
screw being much smaller, or Hunter's Compound Screw 
(Fig. 2— see note, page 20) being employed and the circle 
being divided into a larger number of parts, the minutest 
space may be measured, especially with the aid of a micro- 
scope. 
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IMPENETRABILITY. 

7. Impenetrability is that property of matter by which a 
body excludes every other body from the part of space 
itself occupies. As by muscular effort we acquire the idea 
of extension, by it we also obtain that of resistance, which 
proves the impenetrability of the opposing body. This 
impenetrability is less perceptible in liquids than in solids, 
not because of its being possessed in any less degree by the 
former than by the latter, but because the particles of fluids 
have the property of mobility to such an extent as to re- 
quire a very slight force to cause them to move upon each 
other ; whereas in solids the particles are retained in contact 



Fig. 2. 



Note. In this contrivance, while 
the working point is driven for- 
ward by one screw with a largo 
thread, it is drawn back by an- 
other with a less thread, and con- 
sequently advances only in pro- 
portion to the difference of size of 
the two threads. A being a 
greater thread playing in a fixed 
nut, B a less thread upon a smaller 
cylinder playing in a hollow screw 
within the large cylinder, and C a 
board moved by them. During 
every revolution of the screw A 
descends and B ascends through 
spaces equal to the distances be- 
tween their respective threads. If 
A have twenty threads and B 
twenty-one in an inch, during one 
revolution A will descend through 
the twentieth, and B ascend through the twenty-first of an inch, and con- 
sequently B will descend through the difference of the distance, that is 
through the two hundred and fiftieth of an inch. 
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with each other with such energy as to demand considera- 
ble force to detach them ; and if fluids be so confined as to 
interfere with their freedom of motion, they clearly mani- 
fest their impenetrability. A drop of water ceases to pre- 
vent the actual contact of our hands, only by being pushed 
out of their way ; otherwise, action and reaction being 
equal, it must cease to be matter. This existence of an 
insuperable force of resistance is not self-evident as sup- 
posed by some, nor is it the result of invariable experience 
as has been otherwise taught ; it can never be the result of 
observation which cannot attain that length; but it is a 
corollary to the axiom that action and reaction are equal. 
But for this property, the matter of the universe might be 
concentrated to a point of space. 

The following examples illustrate the impenetrability of 
matter. One solid ball, as of ivory, cannot be pressed into 
the substance of another, and then a second, etc., into it ; 
so, a mass of gold cannot be driven into one of silver. 
Air, escaping from a vessel 
under water, ascends 
through the liquid only 
by displacing its own bulk 
of water. Millions of 
pounds cannot push down 
the piston of a forcing 
pump or of a hydraulic 
press unless the water be- 
low it can escape. If one 
end of a glass tube, open 
at both ends, be immersed 

in water, it will be immediately filled to the level of 
the surrounding water (Fig. 3) ; but if while the bottom 
is left open, the top be closed by the thumb, the resist- 
ance of the contained air will prevent the entrance of 
the water. In like manner, the resistance of the con- 
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fined air prevents water entering a diving-bell, or a 
jar immersed with its mouth downwards. Weights laid 
upon bladders filled with air, or on the piston handle of a 
closed air-pump, are kept in position by the repelling force 
of the air. It is true that some cases of mixture would 
appear to disprove the impenetrability of matter, e. g. 
water and alcohol when mixed have less bulk than before ; 
but this only proves that one of the fluids fills vacuities in 
the other ; and possibly, as has been conjectured, some finer 
fluid may have escaped on mixing the two. A nail driven 
into a mass of wood does not penetrate the individual 
atoms, but is insinuated into the interstices previously 
existing or formed by the forced movement of the atoms. 



FIGURE. 

8. Figure has been defined the boundary of extension. 
Resistance being offered by a body to the entrance of the 
hand into its space, the obstruction is found to have limita- 
tions in directions relative to each other ; from these limita- 
tions we acquire the idea of figure. Inorganic matters fre- 
quently assume regular geometrical forms, which are called 
crystals ; though various matters may assume very nearly 
the same form, there being but slight differences in the 
measurements of the angles, in general each species on 
crystallizing assumes a peculiar form, though the same 
species may assume either of two or three forms, when 
it is called dimorphous or trimorphous ; the mass may be 
destitute of symmetry, it is then called amorphous. In liquids 
or gases the particles move too freely to assume a definite 
shape ; these classes of bodies, therefore, take the form of 
the vessels containing them. Shadows and images, pro- 
duced by various optical means, show that figure is not 
proof of material existence. 
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DIVISIBILITY. 



9. Divisibility is the capability of being separated into 
parts. All bodies are capable of being subdivided till 
the parts become invisible by the naked eye ; by a micro- 
scope they will then be found susceptible of much further 
subdivision ; after which, in some instances, they may be 
dbsolved, and thus again subdivided to an extent prevent- 
ing detection by any optical means. One pound of wool 
has been spun into yarn 100 miles long. Gold, by being 
hammered, is reduced to leaves so thin, that 360,000 must 
be laid together to produce the thickness of an inch ; if 
made into a book, 1800 such leaves occupy only the thick- 
ness of an ordinary leaf of paper. Hence a volume of gold 
an inch thick would contain as many leaves as a library of 
1800 volumes with 400 pages each. On gilded silver wire, 
two ounces of gold are extended over 1,351,900 feet, rather 
more than 768 miles. Platinum has been drawn into wire 
finer than human hair. Every instance of solution affords 
an illustration of the divisibility of matter, and the more 
marked as the solution is diluted, e. g. at '212° F. one grain 
of lime requires for its solution 1270 grains of water, each 
grain of the liquid of course holds T J T o °f a g"™ ofKme; 
now this solution may be indefinitely diluted, and the 
minute quantity of lime is further divided by every succes- 
sive addition of water. Iodine requires for its solution 
7000 parts of water, and to that quantity it imparts a 
brown color, which is still perceptible after considerable 
dilution. One part of ammoniacal hyposulphite of silver 
gives an intense sweetness to 32,000 parts of water. Car- 
mine and sulphate of copper are both compound sub- 
stances, and one grain of either will tinge every drop of 
a gallon of water; every grain of the water will then 
hold in solution JT i„ P** of a grain of the sohd, and 
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may be diffused through another gallon, or any larger 
quantity of water, and be proportionally divided. Starch 
and then a little chlorine being added to one part of 
iodide of potassium dissolved in 480,000 of water will 
cause the whole to assume a decided blue color. The 
thickness of a soap bubble just about to burst is but 
* o oV o o o o f an inch. 

10. Organized nature presents innumerable examples of 
extreme division of matter. The diameter of the thread 
of the silkworm is but 2 ^V o °f an inch. Two drachms of a 
spider's web drawn out in a single thread would extend 
400 miles. The microscope detects in the milt of the cod- 
fish, or in water in which certain vegetables have been in- 
fused, animalcules of which many thousands together do not 
equal in bulk one grain of sand ; each of these have their 
blood and distinct organs ; many of them have indeed 
organs as complex as those of the elephant or whale. The 
body of an animalcule is composed of the same ultimate 
atoms as that of man. From observations on this class of 
beings it has been calculated that a single pound of matter 
contains more living creatures than there are human beings 
on the globe. Illimitable divisibility is also evinced by 
odorous matter. By the sense of smell the presence of 
many matters may be detected in the atmosphere of which 
not the slightest indication can be given by any chemical 
test. Dogs, it is well known, hunt by scent. The carrion 
crow has been thought to smell its food even at the distance 
of twenty miles : but some recent observations render it 
probable that these birds discover their food by sight and 
not by smell. A single grain of musk will fill a large room 
with its odor for twenty years, and be found to have lost 
but little weight. 

The most wonderful efforts of man and the minutest 
objects in nature do not approach infinity : it is therefore 
impossible to say that matter is or is not capable of infinite 
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division ; yet it is convenient to, and men of science 
generally do, consider the divisibility of matter as having a 
limit in what they call the ultimate atoms, which are sup- 
posed to be indestructible and incapable of change in them- 
selves, though susceptible of impression from other atoms, 
and by union forming masses. 



INDESTRUCTIBILITY. 

11. Although matter be in various ways divided to such 
an extent as to elude detection by instruments or chemical 
tests, not an atom is destroyed. Water by boiling is con- 
verted into invisible steam, which is again condensed into 
the same quantity of water. Gold may be divided to the 
extent already mentioned by mechanical means ; it may be 
dissolved by a liquid or dissipated by heat ; and all be again 
recovered in the same solid form without the loss of a single 
atom. All the elements in the world can be thus separated 
a thousand times without being destroyed. Although it is 
impossible for man to form again the organized products of 
the animal or vegetable kingdom which have been once de- 
composed, yet he can present all their elements either in a 
separate state or in those of different combinations, and 
show that there has not been the slightest loss of material. 
When animals die, their particles pass into new forms of 
matter, reappearing as part of other animals or of vege- 

t iT)lcs 

This idea (that of the indestructibility of matte,) has been 
entertained from the period of earliest history : it has been 
expressed in the following language : "the substance of 
which a body consists is incapable of bemg dummshed m 
qltity, whan,, r apparent changes it may aadergo Jta 
form, i'ts distribution, its qualities may vary, but the M,b 
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stance itself is identically the same under all these varia- 
tions :" it is also expressed in the reply of the philosopher, 
who being asked " what is the weight of smoke ?" answered, 
" subtract the weight of the ashes from the weight of the 
wood which is burnt, and you have that of the smoke." This 
idea is the basis of all chemical reasonings and researches. 

The chemist subjecting to 
the action of heat any matter 
in a retort or similar vessel 
does not imagine that he is 
creating or annihilating any- 
thing, but only that he is modifying the form. 



Fig. 4. 




POROSITY. 



12. The particles composing even the most solid bodies 
Fi o- 5 - are not in absolute con- 

tact at all points: the 
intervening spaces are 
called pores. This would 
be a necessary result, 
whether the particles of 
which the body was con- 
stituted were spherical, 
needle-shaped, or tabular. 
In many bodies these 
pores produced by the 
crossings of the consti- 
tuent needles or plates, 
or by the partial contact 
of the spheres, is apparent 
to the naked eye (Fig. 5) ; in others can be discovered by 
the microscope, and may be detected by some means in 
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all, with the exception of glass, which appears to be totally 
impervious to all fluids. In common speech the term pore 
is restricted to interstices sufficiently large readily to admit 
gases and liquids. Crystallized sugar, sponge, and some 
stones, receive water into their pores without experienc- 
ing any change of bulk. A piece of wood, of chalk, or of 
sugar, being pressed to the bottom of a vessel of water, this 
fluid will enter its pores and expel the air contained in 
them. Clay, having been heated to redness, acquires the 
property of contracting its dimensions upon the application 
of heat, owing, doubtless, to the diminution of its porosity. 
Water while freezing increases in hulk; very strong vessels 
have been burst, and trees and rocks split by the consolida- 
tion of water contained within them. Its effects have been 
said to surpass those of exploding gunpowder; it contri- 
butes to the breaking down of mountain summits. That 
metals are porous is proved by the formation of alloys, their 
specific gravities being usually different from the mean of 
those of their constituent metals; by the celebrated expe- 
riment of the Florentine philosophers, who forced water 
through the pores of a golden globe, and by the translu- 
cency of gold leaf. Hydrophone affords an example of 
porosity in minerals; it is opaque, but being immersed in 
water it takes into its pores a quantity of the liquid and 
becomes translucent. 

This property is not peculiar to solids, but is possessed 
also by liquids and gases. If equal bulks of water and con- 
centrated sulphuric acid be mixed, the volume of the mix- 
ture will be less than the sum of their separate bulks. A 
contraction of volume also attends the mixing of alcohol 
with water; at 59° Fahr. dilute alcohol, with the specific 
eravity 0.92V, contains in 100 volumes 53.94 of anhydrous 
alcohol and 49.84 of water, which have consequently con- 
tracted 3.78 volumes. Water when converted mto steam 
under ordinary circumstances has its bulk increased 1G94 
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times. If two gases which do not react chemically upon 
mere contact be introduced into the same vessel, however 
different may be their specific gravities, and whichever 
may at first occupy the lower position, they will after a 
time be found equally diffused. Vapor diffuses itself 
through the air. If a quantity of ether be introduced 
into two vessels half-filled, one with air and the other 
with hydrogen gas, the vapor of the ether will imme- 
diately rise and expand both airs, and ultimately to the 
same degree, but the hydrogen in half the time. Airs 
which are separated by glass with the minutest crack will 
commingle, the lighter gas passing usually with the greater 
velocity. 

13. Animal and vegetable substances are remarkably 
porous. Leaves have numerous openings through their 
cuticles, communicating with cavities within their substance. 
These are too minute to be detected by the naked eye. 
They are most abundant in the lower part of the leaf; ex- 
cept in leaves as of the iris, both of whose surfaces are 
equally exposed to the light, and in those which float in the 
water, e.g. the water lily, in which they belong to the upper 
surface. When examined with a microscope, the petals of 
flowers are found abundantly supplied with these air pores. 
Pith is porous ; in newly-formed parts, it being saturated 
with the ascending sap, is juicy. Bark and sap wood, beino- 
the parts through which the vegetable juices are circulated, 
are highly porous. This structure is very apparent in endo- 
genous stems, in which the pith, wood, etc., are intermingled, 
e.g. Indian corn and rattan. It, however, is not confined to 
such, for the wood of exogenous stems is also highly porous. 
Wood sunk deep into the ocean has had its pores so filled 
as to become as heavy as stone. A large quantity of mer- 
cury being poured into a vessel with a wooden bottom, much 
of it will flow through the pores of the wood, and fall like rain. 
Wood has been preserved by putting it into an air-tio-ht 
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vessel, removing as much as possible of the air, then forc- 
ing in a solution of silicate of soda or of silicate of potash, 
and finally immersing the wood into some acid or saline 
solution, by which the silicic acid is rendered insoluble. 
Wood has been saturated with solutions of salts, imbibed 
through the roots or base of the trunk shortly after being 
cut down. A poplar ninety-two feet high has, in six days, 
absorbed by the trunk sixty-six imperial gallons of a solu- 
tion of pyrolignite of iron. 

Blood is sometimes widely diffused in the cellular tissues 
under the skin, and in other parts of the body, evincing great 
porosity in those textures. Bone being a tissue of cells and 
partitions, must be porous. The cancellated structure is 
very apparent in the interior of bones. In young animals 
bones are colored by being fed upon particular articles. 
The shells of eggs are sufficiently porous to allow oxygen 
to be imbibed and carbonic acid to be exhaled during the 
process of incubation. If the passage of these gases be 
by any means prevented, that process is stopped. The 
nutritious part of the food of man is absorbed through 
pores in the coats of the smaller intestines, on the sur- 
face of which are villi, composed each of blood-vessels 
and absorbents, united by cellular tissue. In some parts 
these villi have been estimated at four thousand to the 
square inch. Albumen, casein, and fibrin are dissolved in 
the stomach ; and they, as well as alcoholic drinks, pass 
directly through pores in that viscus. Water and carbonic 
acid pass from, and oxygen into, the blood, through the 
tranparent walls of the pulmonary cells in animals having 
lungs, and through the gills of fishes and amphibia. In 
human skins there are sudoriferous pores, whose average 
number is 2800, and in the palm of the hand 3528, to the 
square inch, through which the perspiration and carbonic 
aeid pass off. The air changes the character of the blood, 
not only through the lungs and gills, but also through the 
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skin, in both air and water animals. A tendon or mem- 
brane which has become dry and hard will absorb water, 
and become soft and elastic. In some of the lower orders 
of animals life may be suspended a long time with impunity, 
and be restored by the application of water ; thus the roti- 
form animalcules are restored to life and motion by the ap- 
plication of a drop of water. The lower extremities of a 
living frog were immersed for a short time into a solution of 
ferrocyanide of potassium, and the animal was then killed, 
and the salt was detected in the heart and lungs by the 
chloride of iron. The experiment was repeated with a frog 
which had been dead a few moments : the salt was detected 
equally in all parts of the body. In the former experiment 
it passed through the pores into the blood-vessels, and was 
carried to the centre of the circulation; in the latter it was 
imbibed through the pores throughout the system. 

Density being the ratio of the quantity of matter to the 
magnitude of the body, the porosity must be inversely to 
the density. 



COMPRESSIBILITY. 

14. Compressibility is that property of matter which ena- 
bles it to occupy less space upon the application of mechani- 
cal force. The particles of bodies being at a distance from 
each other, a sufficient force will compress them, i.e cause 
them to occupy less space. Porous tissues are well known 
to be compressible; e.g. sponge may be reduced to one! 
tenth its bulk, and paper, wood and other tissues which 
have been penetrated by fluids, diminish under pressure and 
yield the fluids. Cork, in a strong glass vessel partly filled 
with water, will float; but if the vessel be forcibly filled 
with water, the cork will be compressed and sink- upon 
the removal of the pressure, the cork will expand and rise 
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If a bottle bo filled with fresh water, corked, and sunk into 
the sea to the depth of thirty or forty feet, upon draw- 
ing it up the water within will be found brackish ; the 
cork must therefore be compressed so as to allow the 
waters to flow aside it ; if it be sunk two hundred feet in 
the sea, the cork is rendered permanently heavier than 
water. Wood is compressible, as is shown, by the changes 
it undergoes when used as or confined by a wedge. A 
weight placed upon an upright pillar or rod, standing upon a 
sufficiently firm foundation, will shorten it. Stones under 
great weights are compressed ; of this bases and columns 
sustaining edifices give evidence. Metals are hardened by 
percussion, becoming more compact and forming closer 
masses. Coins and medals receive their impressions under 
a powerful and suddenly-applied pressure, to which the 
metal yields as wax does to the fingers, not only changing 
its form, but receiving the most delicate marks, and occupy- 
ing decidedly less space than before. 

Liquids resist pressure, so that water was long thought 
to be absolutely incompressible. Water being forced 
through gold does not prove its incompressibility : indeed 
the experiment of the Florentine academician (§ 12) rather 
proves the contrary, for the water continued to drop for 
some time, although the pressure was not augmented. Se- 
veral liquids in a glass tube, with a bulb blown at one end 
like a thermometer, have been found to expand when freed 
from the atmospheric pressure, and to contract when sub- 
jected to increased pressure. By such experiments, care- 
fully conducted, it has been ascertained that, when the 
barometer stood at 29 and the thermometer at 50, spirit 
of wine suffered a compression equal to 0.000.066 of its 
bulk, olive oil 0.000.048, rain water 0.000.046, sea water 
000 040, and mercury 0.000.003. The compressibility of 
liquids has been also proved in the following two ways : 
1st A hollow brass cylinder or cannon, furnished with a 
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Fig. 6. 



stopper so adjusted as to indicate, upon the removal of the 
pressure, how far it had been forced, has been sunk in the 
sea to the depth of 500 fathoms. 2d. Into the neck of a 
bottle a capillary tube, furnished with a scale graduated 
into fractions of an inch, is firmly fixed, the capacity of the 
tube, as compared to that of the bottle, having been care- 
fully determined; both are filled with the liquid to be 
experimented upon, and a bubble of air being entangled in 
the upper part of the tube, they are placed in a strong 
glass vessel, into the upper part of which is cemented a 
short iron cylinder, in which an air-tight piston is moved 
by a screw. The whole apparatus being filled with the 
fluid to be examined, the screw is turned, 
and the compression is indicated by the 
movement of the air bubble in the tube. 

15. Gases are far more compressible than 
either solids or liquids. Carbonic acid, 
which was for a long time thought to be, 
in an uncombined state, a permanent gas, 
has, by great pressure, been reduced to a 
liquid. Air is compressible, as may be 
shown by luting a very long funnel-tube 
into a glass jar, so that no air can pass be- 
tween the mouth of the jar and the funnel. 
(Fig. 6.) Upon pouring in water it will 
pass into the jar till the mouth of the funnel 
is surrounded, when no more will pass until 
it has filled the funnel so as to press with 
considerable force upon the water below, 
which will then act on the air and cause it 
to occupy less space. Or it may be more 
readily shown by immersing into water a 
vessel full of air with its mouth downwards ; 
as the vessel descends the water will rise 
within it, the air being compressed by the column of water 
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Fig. 7. 




Fig. 8. 



ffi 



above the level of the vessel's orifice, with the resistance of 
the water below. (Fig. 7.) If a piston 
be accurately fitted to a tube with a 
uniform bore having one end closed, 
by carefully pressing in the piston the 
air can be condensed, with very little 
force, into half its bulk; and, with 
greater force, into still less space. By 
the following experiment, it may be 
shown that the volume of the air is in- 
versely as the compressing force. Take 
a long glass tube of uniform bore, closed at one end, and 
bend it at a part between that end and the middle, so that 
the parts between the bend and the extremi- 
ties shall be parallel ; place it with the bent 
part down (Fig. 8), and pour in sufficient 
mercury barely to confine the air in the 
closed part ; this air is now under the same 
pressure as the circumambient air, which is 
indicated by the barometer ; now pour in 
more mercury, and the confined air will be 
compressed, and the mercury will rise within 
the closed part of the tube. By measuring 
the altitude of the column of mercury in 
the open part above the level of that in the 
closed part, the relation of the volume of 
the air to the amount of pressure is readily 
ascertained. Thus, if that column be nine 
times as high as the mercury in the baro- 
meter, the confined air will be pressed upon 
by its weight in addition to that of the at- 
mosphere—that is, by a weight equal to ten 
atmospheres— and will occupy one-tenth 
its original bulk. There appears to be no CZ 
limit to the compressibility of gases, except the change 
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of form which some of them experience under great 
pressure. 



DILATABILITT. 



Fig. 9. 




16. Dilatability is that property of matter which enables 

a body to increase its space. That bodies are dilated by 

simply removing pressure is shown with the air-pump : a 

bag of gum elastic, or other similar material, partially 

filled with air and securely tied, being placed under the 

receiver of an air-pump (Fig. 9), upon removing the air 
from the receiver, the bag will be- 
come distended to its utmost capacity. 
If a glass matrass, filled with water, 
and inverted into a cup filled with 
the same fluid,be similarly placed, upon 
removing the air from the receiver, 
bubbles of air will be seen rising 
through the water, increasing in size as 
they rise, and col- 
lecting in the up- 
per part of the 

matrass (Fig. 10) ; after all the air is 

separated from the water, its bulk will 

enlarge and force down the water as 

the exhaustion proceeds. As air is 

pumped from the surface of water, its 

place is supplied by vapor. This may, 

in like manner, be removed and its place 

supplied, and so on till the whole has 

disappeared; if ether be used instead 

of water, the vaporization proceeds with 

rapid ebullition. 

Bodies are dilatable by mechanical force: thus when a 
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wire is drawn in the direction of its length, or when a 
dependent bar sustains a weight from its free extremity, 
its particles are supposed to be forced asunder, the increase 
of length being more than equivalent to the diminution 
of diameter. The density of india rubber is thought to be 
lessened when it is greatly and repeatedly stretched. 

17. Heat dilates bodies. A small quantity of air being 
confined in a glass over a liquid, will be seen to enlarge 
with a slight increase of heat. A bladder not quite full 
of air will, upon being heated, become distended. Oils, 
alcohol, ether, water, mercury, and other liquors are 
expanded by increase of their temperature ; but water 
differs from the others in having its bulk increased by 
diminishing its temperature below 40° F. A metallic rod, 
which will fill an opening in another metal, and occupy 
the space between two fixed points while cool, will, upon 
being heated, become too large to be received into the open- 
ing, or between the points. Rims of iron are, while hot, 
easily fitted to carriage wheels, which they would not 
embrace while cold ; so also iron hoops by being heated are 
securely fastened on casks, etc. Whatever, therefore, is 
used for accurate mensuration, should be employed at a 
given temperature, or allowance should be made for the 

changes. 

Many bodies by the application of heat have their parti- 
cles so far removed as to change their form ; thus solids 
become liquids, and liquids vapors. It is probable that all 
solids would undergo this change, if they could be pro- 
tected from chemical reaction, and be at the same time freed 
from pressure. The temperatures at which these changes 
take place, though quite different for different bodies are 
fixed for each kind : thus, mercury always melts at about 
—40° F ice always at 32°, olive oil at 36% tallow at 92°, sul- 
phur at 226% lead at 612% and silver at 1873°. Under ordi- 
nary circumstances, most liquids pass slowly into vapor, at 
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higher temperatures they boil. The barometer standing at 
30 inches, hydrochloric ether boils at 52°, sulphuric ether at 
90°, alcohol of s.g. 0.798 at 173°, water at 212°, oil of tur- 
pentine at 314°, whale oil at 630°, and mercury at 662°. 
Two opinions have been entertained relative to the nature 
of heat, viz. 1. that it is an imponderable fluid entering 
into bodies becoming warm, and leaving cooling bodies : 
2. that there is diffused through all space an ethereal fluid 
undulations of which cause the phenomena of heat, as undu- 
lations in the air cause those of sound. This dilatation of 
bodies by heat has been applied to the measuring of its 
quantity; thermometers and pyrometers are instruments 
used for that purpose. The great dilatability of air fits it 
for detecting slight changes of temperature, but renders it 
inconvenient for general use. 

Alcohol having never been solidified, anwers well for 
measuring low temperatures ; but being progressively more 
expansible at high temperatures, and boiling at a low tem- 
perature, its use is limited. Mercury expanding more uni- 
formly than perhaps any other liquid, and retaining the 
liquid form through a great range of temperature, is better 
calculated for ordinary use than other liquids. To measure 
temperatures above that of boiling mercury, recourse is 
had to the expansion of solids : instruments by which this 
is measured are called pyrometers. 



MOBILITY. 

18. Mobility is the capability of being conveyed from one 
to another part of space. Motion has been defined to be a 
continued change of space, and rest as the contrary Uni- 
versal experience having shown the force necessary to move 
a body to be proportional to its weight, it has been inferred 
that by the application of sufficient force all bodies may be 
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put in motion. As, in the sacred record, the first step in 
the creation is represented as the moving of the Spirit upon 
the face of the waters ; so, without motion there could be 
neither life nor any of the terrestrial or celestial pheno- 
mena, but all things would be in unending sleep or death. 
Rest, or continuance in place, is to be considered only as 
apparent or relative to other bodies ; for all bodies, inde- 
pendently of their motion with the earth on its axis and in 
its orbit, are perpetually experiencing change of location, in 
consequence of the various influences of surrounding objects, 
as well as their own expansion and contraction caused by 
changes of temperature. As motion can be described only 
by reference to objects indicating location, or to some par- 
ticular kind of motion selected as a standard, and no part 
of the universe being known to be at absolute rest, and so 
fit to compare the condition of other bodies with ; we may 
have an abstract idea of absolute motion, which refers to 
universal space, but are totally unable to describe it. Rela- 
tive motion may be described in either of the ways indi- 
cated. Two bodies may be relatively at rest, and yet have 
as to a third body a common relative motion. A ship sail- 
ing with the tide, or against the tide but with a different 
velocity, has motion relatively to the bottom and shore; 
but if she sail against the tide just as fast as the tide runs, 
she is at rest relatively to them. A man sitting on the deck 
of a vessel propelled over water has rest relative to the ves- 
sel, and motion common with it and relative to the surround- 
ing objects. 

Motion may result from the action of a single force, or 
from the resultant of several forces, and being effected in a 
Straight course is called rectilinear motion ; or it may result 
from the co-operation of a simple impulse, which alone 
would produce equable motion, with an accumulative force, 
which tends to produce, in a different direction, motion 
whose velocity increases in every successive period of time. 
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If the paths in which the body would be impelled by these 

forces in one period of time be represented by two sides, 

A B and A C (Fig. 11) of a parallelogram, its diagonal, A 

A u D, will represent the course of 

the body moved ; as in the next 

period the body is supposed to 

"d be moved by one force as far as 

Fig. 11. 
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in the first period, but by the second force to a greater dis- 
tance than before, it is manifest that the parallelograms and 
diagonals, as in figure, must differ, and likewise the direc- 
tion of the body moved : the same will be true of every 
successive period ; and these periods being indefinitely small 
the course of motion must be a curve. Such motion is called 
curvilinear motion. The degree of curvature will depend 
upon the proportion of the two forces. It may be con- 
tinued, i.e. pursuing the same straight or curved course 
without deviation ; or it may be reciprocating, i.e. passing 
forward and backward over the same track. Bodies thrown 
up or falling perpendicularly through the air, or sliding 
over an inclined plane, afford illustration of continued recti- 
linear motion. This kind of motion is of very limited appli- 
cation to machinery; these usually partaking somewhat of 
the nature of curved motion, e.g. the motion of bands con- 
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necting wheels, and of the cords of pulleys, is a union of 



the rectilinear and curvilinear motions. 
Continued curvilinear motion is ob- 
served in the actions of the wheel and 
the endless screw. (Fig. 12.) The 
saw of a saw-mill, and the piston of a 
steam-engine or sucking or forcing 
pump, have a reciprocating rectilinear 
motion ; whereas the motion of the 
pendulum, of the beam of a steam-en- 
gine, or of the handle of a sucking 
pump, is reciprocating curvilinear. 

Though motion may be abstractly 
considered independently of time, 
yet in all descriptions of motion the 
idea of time is perhaps necessarily involved. 
own actions, as well as those of bodies 
around us, being greatly and constantly 
disturbed by extraneous influences, they 
cannot be taken as measures of time ; but 
certain operations of nature never appear- 
ing to be so influenced, their circumstances 
seeming to be unvarying, are assumed 
always to occupy equal portions of time 
and have been employed as measures of it. 
ing of portions of sand through a 
tube of glass (Fig. 13) and the vi- 
brations of a pendulum (Fig. 14) 
have been used as measures of 
short, and the revolutions of the .} 

moon as well as those of the sun /! 

upon its axis or in its orbit as mea- J: 
sures of protracted periods. But in 
reference to motion time is always 
considered in connexion with the 
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Thus the flow- 
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ace traversed. The 
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relation of space to time is called velocity, which can only 
be accurately expressed by stating the portion of space 
passed through by the moving body in a given portion of 
time, as when it is said to have a velocity of two or three 
feet per second ; yet an idea, to some extent accurate though 
not definite, is conveyed by such expressions as rapid as 
lightning or slow as a snail. 

19. In a non-resisting medium the quantity and velocity 
of a moving body impelled by a simple force, and conse- 
quently with a uniform velocity, the time, space, and mo- 
mentum (i.e. the amount of motion or resulting force) 
bear certain relations to each other, so that some being 
given and used as units, the others may be calculated from 
them. It is manifest that in equal times, the spaces must 
be equal ; but in double the time, the space must also be 
double, or in general the time varying, the space must also 
vary, and be as the velocity multiplied into the time ; this 
may be expressed algebraically, thus S=VT, for a body 
moving with the velocity of two feet in one second, must 
in two seconds move through four feet. The time is ascer- 
tained by dividing the space by the velocity: for if the 
body moving with a velocity of two feet per second passed 
through twelve feet of space, it must have occupied six 
seconds, that is twelve divided by two, hence the ex- 

S 
pression T=— . In like manner it can be shown that the 

velocity is ascertained by dividing the space by the time, 

S 
V = TjT- The momentum, already defined to be the amount 

of motion or resultant force, is equivalent to the impression 
the body could make upon another body directly in its way. 
It is ascertained by multiplying its quantity into its velocity, 
thus QV = M : for if a certain impulse can cause a quantity 
of matter to move with a certain velocity, it can impart 
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double the velocity to half the quantity, and but half the 
velocity to twice as much matter : the resistance necessary 
to stop the body must likewise be proportioned to the im- 
pulse, therefore the quantity remaining the same, the mo- 
mentum will be as the velocity ; but with the same velocity, 
the mass being doubled, there will be double momentum, 
consequently both quantity and velocity being doubled, the 
momentum will be quadrupled. As a necessary consequence 
the quantity of matter equals the momentum divided by 

M 

the velocity Q= — : and the velocity equals the momentum 

M 

divided by the quantity V= — . If a non-elastic body A, 

C* 

moving with a uniform velocity, meet another body B of 
the same description in its way at rest, moving in the con- 
trary direction, or in the same direction with a different 
velocity, their condition of rest or motion after contact will 
depend on the circumstances of their momentums. If one 
be at rest its momentum is nothing, and the joint momen- 
tum equals that of the moving body : if both be moving in 
the same direction, the joint momentum must equal the 
sum of the previous momentums : and the velocity will, in 
both cases, be equal to the quotient of the sum of their 
momentums divided by the sum of their quantities of mat- 
ter. Letting V represent the velocity of A, and v that of 
B, their velocity after contact, will, in the former case, be 

JV AV , . + , . ++ , AV + Bv 

represented by , and in the latter by — - — — . It 

1 ' A+B A+B 

however they be moving in contrary directions, action and 

reaction being equal, the joint momentum must equal the 

difference of the previous momentums, and the velocity will 

AV— Bv 

be represented by ■ : of course, if their momentums 

A+B 
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previous to contact be equal, then velocity after contact will 
equal nothing, and. they will remain at rest. We have here 
considered the body as propelled by a single force, and in the 
direction in which it acts ; but, as already intimated, two 
or more forces may co-operate so as to form a similar result. 
The body impelled by two or more forces at the same time, 
does not move in the direction of either, but in an inter- 
mediate one, and at length reaches the point it would attain 
if the forces acted consequentively. Motion resulting from 
the concurrence of two or more forces, though it be in a 
direct line, is called compound motion. 

20. Motion is naturally uniform. The motion of a planet 
being found to have at one time a certain velocity relatively 
to some other continued motion, they will at any sub- 
sequent period be found to have the same relative velocities, 
or the change will be in proportion to interfering causes : 
thus the times of eclipses can be accurately foretold thou- 
sands of years. The uniform motion of certain mechanical 
contrivances enables us to measure short portions of time. 
The uniform motion of the earth upon its axis and in its 
revolution around the sun, enables us to anticipate future 
events, they giving us the division of time into days and 
years, which we use as great standards with which to com- 
pare minor occurrences. A lofty spire stands more securely 
upon the earth than does even a low pillar on a moving 
wagon, because the motion of the earth is more uniform. 
It is the uniformity of the earth's motion that renders it 
imperceptible by us. The case would be the same if it 
revolved in ten or one hundred hours instead of twenty- 
four. This natural uniformity of motion causes bodies 
moving together, as the furniture of a sailing ship, to ap- 
pear at rest with one another. A person moving with such 
bodies knows that he moves only by observing his change 
ol direction with surrounding objects. 
Through the force of circumstances motion may be 
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variable, unequal spaces being passed through in equal 
times. Variable motion is either accelerated, the velocity 
constantly increasing ; or retarded, the velocity constantly 
diminishing. Motion in falling bodies is accelerated by 
gravity, they every moment receiving from this cause a fresh 
velocity. The eye perceiving an apple beginning to fall 
can for a time mark the gradual acceleration of its descent, 
but soon perceives its track only as a shadowy line. A boy 
can catch his ball the instant it falls from his hand, but after 
a little delay he will pursue it in vain. A fragment of rock 
detached from the brow of a hill moves, at first slowly, but 
with greater speed every instant, till it drives every article 
before it. Though each vibration of the pendulum is per- 
formed in equal portions of time, the different parts are per- 
formed in unequal periods, its descent, like that of all other 
falling bodies, being accelerated by gravitation. A liquid, 
e.g. molasses, falling from a reservoir forms a stream, the 
hulk of wilich diminishes as the velocity increases, becoming 
finally a fine thread, but rapidly filling a receiving vessel ; 
so at the Falls of Niagara, the river appears at the top an 
immense slow, moving mass, descending it becomes thinner 
and thinner with increasing velocity, till at last almost re- 
duced to a mist, it moves with the velocity of lightning. 
If the velocity of a body be very great, it cannot be deter- 
mined by the sight, but it can be estimated by the effect of 
its impulse upon other bodies ; thus a man may jump from 
a chair without inconvenience ; and from a table with a 
jar ; if from the top of a house his bones may be broken ; 
if he fall from a balloon he will be dashed to pieces. 

Gravitation is a force continually acting, hence a body 
falling through its influence alone, and without obstruction, 
would have its velocity increased every successive instant. 
The acceleration of velocity is stated to be as the squares 
of numbers representing equal periods of time during 
which a body falls. The force of gravity at the earth's sur- 
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face has been found to be such, that a body will in one 
second of time fall 16 feet, and in that time it acquires a 
velocity which of itself would carry it during the next 
second through 32 feet, and during this second it also is 
drawn downwards by the force of gravity 1 6 feet more ; 
so that in that second it moves 48 feet ; of course, during 
the first two seconds it falls 64 feet; its velocity alone 
would now carry it 64 feet in a second ; but the gravitation 
gives it an additional velocity of 16 feet ; it therefore 
in the third second moves through 80 feet. Thus in the 
three seconds it moves through 144 feet. A body passing 
down an inclined plane will move with a velocity greater 
as the plane approaches more nearly the vertical position ; 
because the obstruction of the plane independently of 
friction is thus diminished ; the motion will be less rapid, 
but accelerated according to the same laws as of bodies 
falling without hindrance. In these two cases the velocity 
of the moving body increases in a regularly progressive 
ratio ; that of a body moving down a curved surface, will 
also be accelerated, but in an irregular manner. The curved 

Fig. 15. 




surface may be considered as made up of a succession of in- 
clined planes, each, if the surface be convex, steeper than 
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the preceding, and of course presenting Jess resistance to 
the gravitation of the descending body, whose velocity will 
therefore increase in a greater ratio than if the surface were 
plane. (Fig. 15.) If the surface be concave, then the sup- 
posed planes will be successively less steep, and will offer 
increasing impediment to the progress (Fig. 16) of the 

Fig. 16. 




descending body; but not sufficient without the aid of fric- 
tion to prevent entirely the increase of velocity. 

21. Retarded motion is that in which the velocity is con- 
tinually diminishing. The laws of retarded motion are 
the reverse of those of accelerated motion. The velocity 
necessary to be imparted to a body at rest, in order to 
carry it vertically upward to any assumed distance, is the 
same as it would acquire by falling the same distance. As 
it ascends its progress is retarded by the same cause that 
would expedite its descent ; thus a body being propelled 
vertically upward by a force which would carry it 144 feet 
in three seconds, its velocity may be represented by 144: 
during the first second it will lose 80, when it will retain a 
velocity of 64, of which 48 will be expended in carrying it 
through the next second, leaving only 16 for the third 
second. A ball shot perpendicularly upwards at length 
reaches a point where it might be for an instant in contact 
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with a bird without inflicting any injury, its velocity being 
in the second instant of its passage but one-quarter, and in 
the third but one-ninth of what it had in the first, &c. As 
the passage of a body down an inclined plane is less accele- 
rated, but the velocity ultimately acquired is the same as 
if it descended perpendicularly : so one ascending such a 
plane has its velocity exhausted at the same vertical height, 
but more equally as the plane is less vertical. Also bodies 
ascending a convex surface are retarded progressively, but 
less rapidly as they advance, the chords of the arcs being 
each moment more horizontal. On the contrary, one 
ascending a concave surface suffers retardation in degrees 
increasing each moment, because the chords of the arcs are 
successively more vertical. For this reason the velocity of 
the pendulum diminishes as it ascends, until it completes 
its vibration at the same height as that from which it fell. 

If a moving body come against a spring, or a bladder 
filled with air, or against the piston handle of an air syringe, 
so as to compress the air beneath, its motion will be retarded 
by repulsion. 

Motion is as naturally permanent as rest. A contrary 
opinion is common, because we see most bodies in a forced 
state. Jupiter's satellites have revolved with uniform velo- 
city around him ; so the moon has moved around our globe, 
and both the planet and earth with their moons have 
passed uniformly for thousands of years in their orbits. 
Things may float in a trough on a sailing vessel without ap- 
proaching the end nearer the stern ; and those floating on 
streams do not accumulate on the western banks, as would 
occur, if all bodies tended to rest. There are great differ- 
ences in the duration of motion among bodies on the earth's 
surface, but exactly in proportion to evident causes of re- 
tardation, of which are friction and resistance of water and 
air. Friction is the resistance which one body offers to 
another rubbing upon it ; it differs greatly in different cases, 
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as is illustrated by a ball set in motion by equal forces 
rolling to a greater distance over cloth spread on a smooth 
plank, than over grass, and to a still greater distance over a 
bare plank, and being scarcely retarded on smooth ice. 
Friction may be greatly diminished, but never entirely 
overcome by art. Sharp bodies pass more readily through 
water than blunt ones. Fishes, owing to their sharp ex- 
tremities, swim with facility. The passage of birds through 
the air is facilitated by their having a shape somewhat simi- 
lar to that of fishes. That calm air resists motion may be 
shown by setting in motion, together, two miniature wind- 
mills, one with the flat sides and the other with the edges 
of the vanes in the direction of motion, in air and in vacuo ; 
that with the edges in the course will move much longer 

than the other, 

Fig. it. , 

whereas in vacuo, 

both will stop to- 
gether. (Fig. 17.) 
A pendulum, hav- 
ing only a slight 
friction at its point 

of suspension, will, if put in motion in vacuo, vibrate a 

day or more. 





Z^^ 



INERTIA. 

22. Inertia is the want of power in matter to change its 
condition of rest or motion. It is sometimes called stub- 
bornness, sluggishness or inactivity. Indeed the word iner- 
tia signifies inactivity, and refers to the resistance overcome 
in putting a body in motion or in stopping one moving. 
This resistance is the reaction or counter force exerted 
against the acting body, and is increased by the addition of 
matter ; thus a vehicle may be readily moved by an agent 
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but by increasing the load it may become incapable of being 
stirred by the same agent ; universal experience proving 
that the quickness of a moving body is proportioned to the 
force by which it is moved, and that its progress is retarded 
m proportion to obstructions encountered ; whence it has 
been concluded that a body at rest, and receiving no im- 
pulse, would never move ; or being in motion if it met no 
obstruction, would never come to rest, but would continue 
to move for ever without change of velocity or direction. 
A hand being applied to the crank of a grindstone and an 
exertion being made, it is set in motion ; now, less exertion 
need be made to stop it gradually, because the friction and 
resistance of the air opposes the first exertion, but favors 
the second. To stop a roller revolving on a smooth surface, 
allowing for the friction and atmospheric resistance, the 
same exertion must be made as was first used to set it in 
motion. 

Force has been defined " whatever produces or opposes 
the production of motion." That a moving body, not acted 
on by any force, will go on perpetually in a straight line and 
with an uniform velocity, was not credited from the time 
of Aristotle to that of Galileo ; and, even now, the opinion 
of men is contrary thereto, till their attention is directed 
to the hindrances a moving body invariably meets, and 
which are really the causes of the retardation. It was 
shown to the Royal Society, while the matter was under 
investigation, that by increasing the weight of a top and 
diminishing the resistance offered by its support, it could 
be made to spin much longer than otherwise it would, and 
consequently it is friction against the support and resistance 
of the air, and not any principle within it, that destroys the 
motion. These impediments to motion cannot be entirely 
removed, but have been so to an extent sufficient to show 
that if all resistance were removed motion would bo per- 
petual. Historically it is true that the knowledge of this 
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law is the result of observation ; but it has been contended, 
with appearance of much probability, that the law is more 
consonant with our ideas than any other would be, it 
depending to some extent on the axiom that no change 
can occur without cause. The amount of inertia determines 
that of the force required to give motion to or destroy 
it in a mass : so the amount of inertia may be determined 
by that of forces: e.g. the force of the earth's attraction 
acting for one second, causing a body to fall 16 feet, over- 
comes its inertia to that extent ; were the inertia reduced 
to one half, the body would fall 32 feet in a second ; and if 
it were entirely overcome, the body would fall any distance, 
however great, in an instant. A heavy cannon ball, with 
its present inertia, requires pounds of powder to give it its 
usual motion, and that motion may not be overcome by 
blocks of granite, which it shivers to pieces ; but if the 
inertia were absent it might, with the slightest force, be 
propelled with inconceivable velocity, and yet the resistance 
of a hair be sufficient to stop its progress. Force that can 
be employed in producing motion, e.g. muscular effort, the 
unbending of a bow, or the impulse of a moving body, is 
called active force or power : what tends to stop a moving 
body, to drive it back or otherwise change its course, is 
called resistance : and force which can never be used as a 
power is called passive force, e.g. the suspension of a 
weight by a rope, or its support by a table. 

23. Power may be impulsive, i.e. its whole effect may 
be produced in an instant, as where a body at rest, e.g. a 
ball, is set in motion by momentary contact with another 
body in motion ; or it may be incessant, i.e. continuing 
after the first moment of its application, as the force of 
gravity. Incessant force may be constant, accelerating, or 
retarding. Constant force is that which in equal times 
produces equal increment or decrement of motion, e.g. 
pressure. Accelerating force is that which produces a pro- 
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gressively increasing velocity : e.g. the attraction of the 
earth which causes the descent of the pendulum or of other 
falling bodies. The action of gunpowder on a ball, though 
apparently instantaneous, is accelerated through the length 
of the weapon : hence long cannons are more effective than 
short ones. Some long-necked birds kill their prey by 
drawing back their heads and then darting them forward 
by continued muscular action till they acquire almost the 
velocity of a bullet. The accelerating force of muscular 
action enables the kicking horse to strike a distant object 
with much greater violence than one nearer by. A bow- 
string being released from its state of tension, acts as an 
accelerating force upon the arrow which it propels, impart- 
ing to it the velocity it has at last acquired. The human 
breath acting as an accelerating force upon a small object 
passing through a long fine tube drives it forward with con- 
siderable violence. Retarding force is that which impedes 
or overcomes motion. What accelerates one motion may 
retard another, e.g. water free to move is accelerated 
downwards by gravitation ; but an upward jet is retarded 
and sometimes spread out like a palm tree, and its progress 
entirely destroyed by the same cause. A vast rock sus- 
pended like a pendulum descends with augmented velocity 
to the bottom of a curve : whence it ascends, its progress 
being retarded in an equal degree, and by the same gravi- 
tation which accelerates its descent. Air by expanding 
accelerates motion ; yet the same air encountering a moving 
body will retard its motion : if a cannon ball could be fired 
into a long close tube of proper dimensions, its progress 
would be gradually annihilated. Resistance overcomes 
motion more effectually as it is gradually offered, i.e., as it 
partakes more of the nature of retarding force : thus cot- 
ton bales on the side of a vessel offering a gradually retard- 
ing force to a cannon ball will bring it to rest without being 
much injured, while the firmer side of the ship offering in- 
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stantaneous resistance will be shattered without stopping 
the ball. A hempen, silk, or cotton rope will resist a greater 
weight thrown into a scale supported by it than could an 
iron chain which would sustain quiescently an equal weight ; 
yet a rope will not so well retain a ship at anchor as a 
chain of equal sustaining powers, because the rope being 
of nearly the same specific gravity as water, will be stretched 
in a straight line, and offer but simple resistance to the im- 
pulse of the waves ; while the chain, in consequence of its 
greater weight, will hang as a curve and act as a retarding 
force upon the same impulse. Traction made upon one end 
of a rope which revolves around a block, will set in motion 
a large ship to which the other end of the rope is attached : 
a rope so attached will retard and finally stop a vessel in 
full sail, if occasionally relaxed so as to slide over the block. 

Action and reaction are always equal and contrary to 
each other ; which of two bodies will move depending on 
the attendant circumstances; thus two bodies moving in 
contrary directions and their momentums being equal will 
be both brought to rest, but the momentum of one being 
greater both will move in the direction of that one, but 
with a diminished velocity. Action and reaction can be 
illustrated by pieces of loadstone and iron placed upon 
corks floating on water ; both being free to move they will 
approach each other and meet at some point between their 
original positions, but either being confined to its place the 
other will approach it. 

The following are illustrations of inertia. A ship does 
not acquire her full speed at once upon spreading her sails, 
but as the continuing force overcomes her inertia ; so her 
motion is not lost immediately upon taking in her sails, but 
as the continued resistance of the water destroys it. Horses 
having to overcome the inertia of rest in a carriage, must 
make a greater effort to set it in motion than to maintain 
the motion ; and if the carriage be on springs, on the first 
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motion its body and contents appeal* to be thrown back ; 
because the inertia of the wheels is first overcome. Owing 
to its inertia, a strong effort is needed to stop a moving 
carriage ; and upon stopping it, the body and its contents 
move forward. A man standing upon a boat or waggon 
is in danger, upon its moving forward, of being thrown out 
backward ; because his feet move forward, while the inertia 
of his body keeps it in place ; upon stopping, his feet being 
brought to rest, while the inertia of his body carries it on, 
he is in danger of being thrown forward. A man jumping 
forward from a carriage in rapid motion, is in danger of 
falling, if he does not advance his feet as in running ; because 
his feet come to rest upon the ground while his body 
advances with the velocity of the carriage ; if he jump 
backward he is almost certain to fall, because his head 
moves forward with the velocity of the vehicle, while his 
feet move backward. A person by running overcomes iner- 
tia, and is thus enabled to leap over a chasm more easily 
than he could if standing. If a vessel full of water be sud- 
denly pushed forward, part of the water is left behind ; if 
it be suddenly stopped, when in motion, the water is thrown 
forward. A coin being laid on a card balanced on a finger, 
a slight blow on the edge of the card will carry it forward, 
while the inertia of the coin will retain it at rest. 



ATTRACTION. 

24. This term is applied to the supposed cause of per- 
haps the most extensive generalization ever attempted in 
natural science, viz. that all portions of matter in the uni- 
verse tend to approach each other. Attraction is considered 
as occurring at sensible distances, or only where the bodies 
reacting are in apparent contact; and both these classes are 
subdivided : to the first class belong attractions of oravita- 
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tion, magnetism, and electricity, and to the second cohesion, 
adhesion, capillary attraction, and chemical attraction. 

Gravitation is that form of attraction which draws all 
terrestrial objects towards the earth's centre, and it, as well 
as the other parts of the solar system, towards the sun. 
Probably everything within the universe is influenced by 
this attraction ; and beside being drawn toward the great 
or the lesser centres all influence each other ; thus the 
attraction of the moon causes the rising of tides, and the 
sun and moon co-operating produce the high or spring 
tide. This force causes the earth and the heavenly bodies 
to retain their forms, notwithstanding the tendency to fly 
apart which would be imparted to them by their revolu- 
tions. Their being all of a globular form has been con- 
sidered a proof of their all having been once in an aeriform 
or liquid condition. The generally received hypothesis re- 
specting gravitation views it as an essential property of 
matter; other hypotheses, however, have been advanced; 
e.g. it has been referred to the elasticity of an ether, also 
to the impulse of streams of particles constantly flowing in 
all directions through the universe. All the physical pro- 
perties of matter have been attributed to the emanation of 
attractive and repulsive forces from collections of points. 
It has been objected to this last view that a body cannot act 
where it is not ; but it is replied, that there is no visible ne- 
cessity of continuity, all that is necessary being the equality 
and opposition of the action and reaction. Modern philoso- 
phers are agreed that gravitation affects all kinds of matter 
in the same manner ; that is to say, its force is in all cases 
directly as the quantity of matter, and inversely as the 
squares of the distances from the centre of the attraction. 
Prior to the adoption of these rules it had been conjectured 
that the sun's attractions were inversely as the distances; 
this idea being probably suggested by another, that attrac- 
tion might be viewed, like light, as an emanation from a 
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centre, becoming weakened as it recedes from the centre. 
That all bodies attract each other at sensible distances is 
shown by a celebrated experiment : a very light deal rod, 
with a small metallic ball at each end, was suspended hori- 
zontally at its centre by a fine wire. Having oscillated 
some time, by the untwisting and twisting of the wire, it 
came to rest. Two large spheres of lead were brought into 
such positions that if one could attract the small ball near 
which it was placed, the other, by its attraction for the other 

Fig. 18. 




small ball, would augment the effect. (Fig. 18.) A very de- 
cided motion was so produced. By observing the extent of 
motion, and the times of the oscillations consequent upon 
withdrawing the globes, the proportions between the effect 
of the elasticity of the wire and the attractions of the globes 
for the balls were determined : by a series of experiments, 
not the only actual influence of gravitation on terrestrial 
bodies, but its relative influence as depending on the den- 
sity of the attracting body and the mean density of the 
earth have been decided. 

The attraction between bodies is in proportion to the 
masses ; hence the motion of the earth towards bodies fall- 
ing upon it is so minute as to be infinitely beyond the 
limits of our observation. The overpowering influence of 
the earth's attraction causes the seeming inactivity of bodies 



ATTRACTION. 55 

at rest on its surface. A small particle of matter being 
placed on the surface of a golden globe one foot in diameter, 
the force by which it is attracted towards the gold is less 
than to,o oV ,o o o that of its gravitation towards the earth ; 
because the diameter of the earth is more than 41,000,000 
feet, and the density of the gold is about four times the 
mean density of the earth ; hence the particle in one second 
will approach the gold globe less than xo.oVo.ooo of 16 feet, 
a space entirely imperceptible. Hence we cannot directly 
compare the gravitative force of detached masses and of the 
whole globe ; yet large mountains do draw aside bodies 
from the direct line of the earth's attraction. Some French 
academicians, about the middle of the last century, with the 
view of ascertaining a meridian in Peru, were engaged in 
determining the zenith distance of a star. They found 
the plummets of their quadrants on the opposite sides of a 
mountain were attracted towards the mountain, making the 
zenith distance greater than it ought to have been. In 17*72 
this phenomenon was confirmed at the mountain Schehallien, 
in Perthshire, Scotland, the deviation being found to ex- 
ceed seven seconds. Weight is the measure of the force of 
gravity on a body, and is proportional to the quantity of 
matter in it. Gravitation is inversely as the distance from 
the centre of the earth. Under ordinary circumstances the 
diminution from elevation is too small to be perceived ; yet 
by experiments with a spring balance in a balloon, or on a 
very high mountain, a body weighing 1000 pounds at the 
level of the sea has been found to lose five pounds ; and 
from astronomical observations it has been calculated that 
it would weigh but five ounces if at the distance of the 
moon. A difference has even been found in different lati- 
tudes ; thus bodies weigh less near the poles than at the 
equator. The direction of gravitation is ascertained by the 
plumb-line. Being towards the centre of the earth, any two 
such lines must always form an angle ; and if the point of 
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observation be very distant on the surface of the earth, or 
if they be considered as continued to a great distance up- 
ward, the angle would be quite conceivable ; but for any 
neighboring spots, the difference in direction is too slight to 
be perceived ; and the plumb-line is always viewed as per- 
pendicular to a horizontal plane at the place of observation. 
In every body there is a point towards which all its particles, 
in consequence of this attraction, tend ; so between any 
two, or among any number of bodies, there is a similar 
point, at which, but for opposing causes, they would be 
accumulated; and if these bodies be supported at that point 
they will balance ; and for all statical purposes they may 
be considered as collected at that point ; for they will there 
exert a pressure equal to their combined weights. This 
point is called the centre of gravity, and is always at the 
lowest point possible under the circumstances. 

25. Magnetic Attraction. — A loadstone is capable of 
attracting to certain points on its surface called poles light 
particles of iron, and retaining them there. A bar of iron 
which has been magnetized exerts the same force at points 
near its extremities, which points are likewise called poles. 
"When such a bar, which is called a magnet, is left free to 
move, one extremity of it is so attracted by the north pole 
of the earth as to point in its direction. This point is usu- 
ally called its north pole ; the other end, pointing equally 
south, is called its south pole. If the north pole of one 
magnet be brought near the south pole of another magnet 
they will move towards each other. 

26. Electrical Attraction. — If a rod of glass be rubbed 
with warm silk it will attract many light bodies. If a stick 
of resin be treated in the same way it will acquire the same 
property. Several bodies Avhich have been so attracted by 
glass will not attract each other ; neither will those which 
have been attracted by resin ; but those which have been 
attracted by the one will attract, or be attracted, by such 
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as have been attracted by the other, or such as are unex- 
citcd. In general, those which are differently excited attract 
each other. By the electro-torsion balance it has been ascer- 
tained that the times of vibration are directly proportioned 
to the distances, whence it follows that the force of the 
attraction is inversely as the squares of the distances. 

27. Attraction of Cohesion. — Cohesive attraction, or co- 
hesion, bearing either of these names, is the form of attrac- 
tion which, acting at insensible distances, unites particles 
of the same kind of matter, whence it is also called homo- 
geneous attraction ; and, causing it to exist in masses, it is 
called attraction of aggregation ; and, as forming bodies, it 
is called corpuscular attraction. It is thought to be simply 
a modification of gravitation. Though it is at first incredi- 
ble that the same cause which attracts a mass of iron to the 
earth with only the force of its weight should attract the 
particles together with the force by which they are retained 
in mass, the difficulty will vanish when it is recollected that 
the atoms may be a million of times nearer when in apparent 
contact than when one-fourth of an inch apart, and that the 
energy of gravitation is inversely as the squares of the dis- 
tances. Were it not that only a very small portion of their 
particles can touch each other, bodies of a similar nature 
would invariably cohere when brought into contact ; hence 
two smooth panes of glass or slabs of marble, of which 
perhaps only a few points in a million are in contact, cohere 
with great pertinacity. Two fresh-cut surfaces of caout- 
chouc pressed together will cohere almost as firmly as the 
particles of either piece do to each other. Two leaden 
balls, having similar portions cut off with a clean knife, and 
then pressed firmly together by a slightly twisting force, 
will cohere. 

Cohesion, though but in a slight degree, does exist in 
liquids. The round form which they assume when small in 
bulk, and on a surface which is not moistened by and exerts 

3* 
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no chemical action on them — e.g. mercury on a plate of 
iron, glass, china, or marble, and drops of dew or rain on 
certain leaves, is generally attributed to action of this force — 
and the difference in the size of drops of different liquids to 
the difference of their cohesive attraction ; 60 drops of 
water will fill as much space as 100 of laudanum. As the 
mass increases the liquid yields somewhat to gravitation, 
and acquires a surface more or less level. Liquids poured 
slowly from a vessel pass in a continued stream, because 
the several particles have too much cohesion to separate 
themselves. If no cohesion existed between the particles 
of liquids — e.g. mercury or water — they would fall like 
dust. The particles of water cohering prevent a needle, 
gently laid on it, falling through. A flat piece of any ma- 
terial capable of being wet by water, if balanced from the 
end of a weighing-beam and then brought into contact with 
that liquid, will adhere to it with a force more than equiva- 
lent to the water remaining on it when they are separated, 
the attraction of ihe solid for the liquid being greater than 
that of the parts of the liquid for each other ; liquid is 
separated from liquid. It has been proposed to apply this 
property to the determination of the cohesive force of 
liquids; a plate capable of being moistened by several 
ng. 19. liquids is sus- 

pended from 
one end of 
a very deli- 
cate balance, 
so counter- 
poised that 
a very slight 
weight will 
cause a pre- 
. ponderance; 
the liquid is now brought into contaot with the lower but 
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face of the plate, and weights are added to the scale at 
the other end till rupture takes place. (Fig. 19.) The 
weights indicate the force of cohesion for a surface of the 
liquid equal that of the plate. The cohesion of water heing 
414*7, that of oil of turpentine with s. g. 0*8695 is 523*6 as in- 
dicated by glass. Though with the same liquids and solids 
the results are uniform, yet mercury with different solids 
gives very different results, showing that the cause is more 
complex than simple cohesion ; thus with gold the force 
appears to be 23*63, while with copper it is but 7*52. 

28. Adhesion is that form of attraction by which parti- 
cles of matter of different kinds are retained in contact when 
once brought sufficiently near. It is called " heterogeneous 
attraction," because it is exerted between bodies of dis- 
similar natures. 

I. Adhesion of solids to solids. This kind of adhesion is 
illustrated by amalgam of tin in reflectors, adhering to the 
glass. Gold leaf smartly hammered against clean steel 
adheres to it. Wax adheres to many surfaces, e. g. wood ; 
hence its use in polishing furniture. Fats adhere to most 
solids, and hence are often great hindrances in many opera- 
tions. Many precipitates adhere tenaciously to glass 
vessels ; so that failing by friction, it is often necessary to 
remove them by solution. 

II. Adhesion of liquids and solids. Upon plunging a 
piece of glass into water or alcohol, and then drawing it out 
its surface will be found Avetted by a retained portion of 
the liquid. A clean surface of metal, e. g. of copper, being 
placed on one of mercury, a force varying with the metal 
will be required to separate them, and upon being separated 
a portion of the mercury will be found adhering. The 
liquid molecules are in these cases separated because the 
cohesion is less powerful than the adhesion. Pouring of 
liquids from vessels depends upon the influence of gravita- 
tion ; to favor which is the use of lips to the vessels ; some- 
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times the lip is so much rounded or so short, that the adhe- 
sion of the liquid to the solid causes it to flow along the 
. side of the vessel in an upward direction. This property 
may he applied to directing liquids along the under side of 
rods to any desired point. A thin layer of liquid interposed 
between two solids may adhere, by its opposite surfaces, to 
both solids ; thus two coins or two panes of glass may be 
held together by a thin layer of water, the force of adhesion 
is sometimes so strong that if one of the solids be fixed the 
adhesion Avill entirely overcome the force of gravitation 
upon the other. The mobility of the particles of liquids 
renders it easier to exhibit this property in them than in 
solids ; but for the same reason it is less energetic in liquids, 
as by solidifying the interposed layer the adhesion is 
greatly increased ; thus a layer of warm fat between two 
plates will adhere, yet allow them to slide on each other . 
but upon its solidifying considerable force will be necessary 
to separate them. This is also exhibited in the junction of 
two bodies by a cement, e.g. two pieces of wood by glue, 
bricks or stones by mortar, and porcelain by albumen and 
lime ; the cement as it hardens draws the surfaces together 
so powerfully that they will suffer fracture sooner than be 
separated at the place of juncture : the adhesion of glue to 
glass also is so great that portions of glass are torn off in 
attempts to disengage the glue. Liquids differ in their 
power of adhering to the same solid: hence a drop of 
alcohol or of oil of turpentine can drive a film of water from 
the surface of glass, marble, or silver. The weights of 
porous bodies and powders are considerably increased by 
moisture attracted from the air : a circumstance demanding 
attention in organic analysis. Adhesion is modified in so 
many ways that it is impossible accurately to measure its 
force : yet it has been proposed approximately to accom 
plish this end : thus, into an end of a glass or porcelain tube" 
capable of resisting a pressure of more than 100 pounds to 
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the square inch a plug of dry wood has been tightly fitted, 
of which a projecting portion has been dipped into water ; 
by the swelling of the wood the tube has been burst. It is 
however clear that it is by no means adhesion alone which 
causes the rupture. The same complex force has been 
applied to split rocks : dry wooden wedges driven into 
holes bored in the rocks are wet with water, and swelling, 
split them as desired. A piece of glass or iron being im- 
mersed into mercury, upon removing it, none of the fluid 
adheres ; this has been attributed to the entire absence of 
attraction between the solid and liquid molecules, or to its 
being less powerful than their cohesion : but that, at least, 
from between mercury and glass this attraction is not 
entirely absent is shown by the following experiment ; a 
barometer tube seventy inches long being thoroughly 
cleansed and freed from closely adhering air, as by the 
action of alcohol, and then filled with pure mercury, also 
freed from air, and turned with great care so as to immerse 
its open end in mercury, the whole column will remain in 
the tube, and will require several slight agitations to cause 
its descent to the barometrical height. The want of adhe- 
sion between fat and water facilitates the pouring of that 
liquid from vessels with defective lips : the lip being 
greased prevents the water running down the outside of 
the vessel. 

29. Solution is a process in which a solid body is diffused 
through a liquid, losing entirely its solidity. It is analogous 
to adhesion. The liquid is called the menstruum or solvent. 
If a lump of sugar or salt be suspended with small points 
in contact with water, the water will adhere and rise 
through the pores, dissolving out the cement (saccharine or 
saline) which holds the little crystals together ; and these 
will fall, their particles being in like manner disintegrated 
will be attracted by the liquid, and will rise in it as far as 
the adhesion of the particles of liquid already in contact 
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with them and gravity will allow. A stratum of the solu- 
tion will remain below until it be mechanically diffused 
though the water, when the salt or sugar will be retained 
in all parts by adhesion. For a fixed quantity of the solid 
to be dissolved, an indefinitely large quantity of the solvent 
may be employed : yet there is a limit to the exercise of 
adhesion, as is shown by the phenomena of saturation. 
Thus one hundred parts of water may dissolve any number 
less, but not more, than thirty-seven parts of salt ; the adhe- 
sion of the water to the salt progressively overcomes the 
cohesion of the solid till the two forces are balanced, when 
the fluid is said to be saturated. The power of water to dis- 
solve different soluble substances, is very various towards 
the different articles, but fixed as to each individual. The 
power of saturation is not dependent on the atomic weight 
of a solid ; indeed in many instances it varies greatly with 
the temperature ; hydrated salts (those containing water of 
crystallization) capable of undergoing watery fusion above 
the temperature necessary thereto, dissolve in any proportion 
of water. Generally the most fusible salts are most solu- 
ble ; e.g. hydrated salts, and of anhydrous salts, chlorates, 
nitrates, chlorides, and iodides, all of which are highly fusi- 
ble and soluble. Cohesion is the only property of bodies 
which is materially affected in this kind of combination, and 
it is probably by diminishing it that heat favors solution. 
Common salt is equally soluble at all temperatures. The 
solvent power is sometimes diminished by a high tempera- 
ture ; e.g. sulphate of soda at 32° F. 100 parts of water 
dissolve 5 parts, at 92° 52 parts, and at higher temperatures 
the quantity dissolved is progressively lessened till at 230° 
they dissolve but 43 parts. Solvents dissolve most readily 
those substances which they most resemble in properties ; 
thus, mercury is perhaps the only solvent of metals; oxy- 
dated solvents dissolve oxydated bodies, e.g. water dis- 
solves acids and salts ; substances abounding in hydrogen 
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are most readily dissolved in hydrogenated liquids, e.g. fat 
or resin in oil ; essential oils, most organic elements, and but 
few oxysalts in alcohol and ether. The solution of a solid 
is greatly hastened by previously pulverizing it. This is 
due to the increased surface which is thereby presented 
to the action of the solvent. 

The cleansing property of water is owing to its power 
of adhesion or solution. Alcohol dissolves some bodies, 
e.g. resin, which water does not; and water some, e.g. 
gum, which alcohol does not. Sometimes the mutual 
attraction of two liquids is greater than the adhesion of 
either to a solid soluble in it ; in that case if one of the 
liquids be added to a solution of such solid in the other, 
the solid will be separated, when it is said to be precipitated, 
e.g. gum is separated from water by alcohol, and resin from 
alcohol by water. 

30. III. Adhesion of liquids to liquids. — A very small 
quantity of oil placed on water is dhTused over the surface 
in a very thin film presenting a variety of hues ; the quan- 
tity of oil being increased, its cohesion overcomes the adhe- 
sion, and the oil collects into a lenticular mass. A plate 
of glass being covered with oil, and then laid with its oiled 
suiliice upon water, to remove the glass perpendicularly up- 
ward will require considerable force. In other cases the parti- 
cles of the different liquids adhere so as to be diffused through 
each other, as in the dilution of alcohol or acids by water. 

31. IV. Adhesion of gases to solids. — Fine particles of 
iron, mercury, or lead, etc., thrown upon water, have air 
adhering to them, which prevents them sinking until they 
collect in sufficient quantity and contiguity to become spe- 
cifically heavier than water, when they sink. Upon pour- 
ing mercury into a glass tube closed at one end, bubbles of 
air are observed to adhere to various portions of the glass, 
although encompassed by a fluid more than 11,000 times as 
heavy as itself. Water boils at a lower temperature in a 
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metallic vessel than in one of glass, owing, as it is supposed, 
to the adhesion of the vapor to the glass surface. Box- 
wood charcoal, free from air and moisture, will, in 24 hours, 
absorb 35 times its bulk of carbonic acid, the whole of 
which cannot be removed by an air-pump. If a stream of 
hydrogen gas be thrown upon spongy platinum in air, it 
adheres to the platinum, which instantly becomes red-hot, 
and the hydrogen is ignited. The same effect is produced 
by introducing a perfectly clean plate of platinum into a 
mixture of hydrogen and oxygen gases. When the oxide 
of iron is reduced by hydrogen, a quantity of the hydrogen 
adheres to the iron, and causes it to burn immediately on 
coming in contact with the air. The previous pulverizing 
of the solid, favors these actions by presenting increased 
surfaces to the adhering gases. 

32. V. Adhesion of gases to liquids. — Gases and 
vapors are absorbed by liquids, but in general not to 
as great extent as by some solids ; thus of oxygen gas, 
water absorbs 0.045, alcohol (s.g. 0'84) 0*1625 and char- 
coal 9*25; of hydrogen gas water absorbs 0*0156, alcohol, 
0*051, and charcoal, 1*75 ; of carbonic acid gas, water 
absorbs 1-06; alcohol, 2*6 ; spirit of wine, 1-87, and char- 
coal, 35 volumes ; in some cases the liquid absorbs a much 
larger bulk, e. g. of hydrochloric acid gas, water absorbs 
480 volumes, while charcoal absorbs but 85 ; of ammoniacal 
gas, water absorbs 670, and charcoal but 90 ; of sulphur- 
ous acid gas, water absorbs 43-78, charcoal 65, and alcohol 
115-77; the temperatures at which these results were 
obtained having been somewhat different, they are but 
approximate. In general, the absorbing power of different 
liquids is inversely as their specific gravities ; but this is 
very far from being an exact law. Silver, when melted in 
air or in oxygen gas, absorbs a large quantity of gas ; which 
upon the solidifying of the silver escapes, giving to t'he but- 
ton a jagged or arborescent appearance. 
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33. VI. Adhesion of gases to gases. — Cohesion appears to 
be entirely wanting in gases, the particles of any one kind 
of gas being kept in contact only by some extraneous force. 
The molecules of different kinds of gases, however, exert 
towards each other a kind of attraction analogous to adhe- 
sion, which is usually called diffusion. If two liquids which 
do not react chemically, e.g. oil and water, or mercury and 
water, be commingled, they will, upon being left at rest, 
separate, the heavier occupying the lower position ; not so 
with gases — which not only do not separate when so com- 
mingled, but tend to mix even contrary to their specific 
gravities. So great is this tendency with oxygen and 
hydrogen, that, if they be contained in separate vessels 
united by a tube of only one-fourth of an inch diameter 
and three feet long, the oxygen being in the lower vessel, 
and sixteen times as heavy as the hydrogen, they will, in a 
few. hours, be found to have commingled. The same is 
the case with all gases which exert no chemical action on 
each other at ordinary temperatures. It was first observed 
that, upon passing a gas through a stone-ware tube in a 
fire, the gas, although under pressure, escaped through the 
pores in the tube into the fire ; and gases from the fire 
passed into the tube. It was afterwards diacovered that, if 
the upper of two vessels, placed vertically over the other, 
and communicating by a fine tube, contain hydrogen, and the 
lower carbonic acid, these gases will be found to interchange 
places although the latter is twenty-two times the heavier. 
This disposition is so strong that many philosophers consider 
one gas as offering no greater resistance than a vacuum 
to the expansion of another. Subsequently, by allowing 
different gases to diffuse into the air, through a fine tube, 
in a way not favored by their gravity — i.e. the gases heavier 
than air from the top of the vessel, and those lighter from 
the bottom— it has been found, 1st. That different gases 
escape with rapidities various, but bearing some relation to 
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their specific gravities, the lighter gases diffusing much 
more rapidly than the heavier. 2d. From a mixture of two 
gases, the more diffusive escapes more rapidly. This fur- 
nishes a method of mechanically separating gases — viz. 
allowing the mixture to diffuse, for a limited time, into a 
confined gas or vapor of a kind capable of being easily con- 
densed or absorbed. Diffusion of gases is best illustrated 
when they communicate through pores of insensible mag- 
nitude. A chemist, in collecting some hydrogen gas, acci- 
dentally used a cracked jar ; after twenty-four hours, during 
which neither the pressure nor temperature of the atmo- 
sphere had sensibly changed, he observed that the water had 
risen two and a half inches above the level of that in the 
trough. Another, repeating and varying the experiment, 
using more accurate instruments, found that not only did 
hydrogen escape, but air entered ; but the bulk of the 
escaping hydrogen was 3-83 times as great as of the air 
entering. He ascertained that of each gas a peculiar 
volume would escape in a fixed time; this he called its 
diffusion volume. He further ascertained that the diffusion 
volumes of any two gases are universally as the square 
roots of their specific gravities. 

Many porous substances— e.g. charcoal, wood, unglazed 
earthen-ware, dry bladder, thin slices of granular foliated 
minerals, as flexible magnesian limestone, may be used ; so, 
also, may dry and sound cork, but these allow the diffu'sion 
to go on very slowly; their porosity being inferior to that 
of stucco, they are all surpassed by it. The preferred me- 
thod is to close about one-fifth of an inch at one end of a 
glass tube half an inch in diameter and from six to twelve 
inches long, with such work. When dry, such a tube being 
filled with hydrogen over mercury, the diffusion commences 
instantly, and in twenty minutes the whole of the hydro- 
gen escapes. The plaster must be kept dry; therefore in 
experimenting over water, the air must be removed by a 
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syphon before introducing the gas. The appearance of the 
water rising in the tube from which the hydrogen is diffused, 
is striking ; but, on experimentally determining the propor- 
tion between the gas escaping and the air entering, it is 
necessary to keep the pressure uniform by preserving the 
water at the same level within and without the tube. On 
the principles of pneumatics, the velocities with which 
bodies rush into a vacuum should correspond with their 
diffusion volumes. This law has been considered as confirm- 
ing the opinion that gases act as vacua to each other. To 
this view, however, it has been objected that "1. It is sup- 
posed, on that law, that, when a cubic foot of hydrogen gas 
is allowed to communicate with a cubic foot of air, the 
hydrogen expands into the space occupied by the air, as it 
would do into a vacuum, and becomes two cubic feet of 
hydrogen of half density. The air, on the other hand, 
expands in the same manner into the space occupied by the 
hydrogen, so as to become two cubic feet of air of half 
density. Now of gases actually expanded through each 
other in this manner, cold should be produced, and the 
temperature of the mixed gases should fall 40 or 45 de- 
grees. But not the slightest change of temperature occurs 
in diffusion, however rapidly the process is conducted. 
2. Although the ultimate result of diffusion is always in 
conformity with Dalton's law, yet the diffusive process 
takes place in different gases with very different degrees of 
rapidity. Thus the external air penetrates into a diffusion 
tube with velocities denoted by the following numbers, 
1271, 623, 302, according as the diffusion tube is filled with 
hydrogen, with carbonic acid, or with chlorine gas. Now, 
if the air were rushing into a vacuum in all these cases, 
why should it not enter it with the same velocity? Some- 
thing more, therefore, must be assumed than that gases are 
vacua to each other, in order to explain the whole pheno- 
mena observed in diffusion." 
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34. Capillarity is a general term applied to certain pheno- 
mena of both attraction and repulsion ; we shall hereafter 
treat of the latter, for the present confining our attention to 

Capillary attraction : A number of the phenomena of 
molecular action are arranged together under this head : of 
these the ascent of liquids in capillary tubes is the most 
conspicuous, and consequently confers a name upon the 
one cause of the whole class. When a body is plunged 
vertically partly into a liquid capable of adhering to it, the 
liquid rises to an indefinite height on the side of the body, 
covering it with a film whose thickness diminishes as it 
rises, its surface being concave. This film may be consi- 
dered as made up of a succession of films, that nearest the 
body being highest, and the other progressively less high, 
the first being supported by adhesion to the solid, and the 
others by cohesion. To better understand the mode of 
ascent of the liquid on the side of the solid, the surface of 
the latter may be considered as divided into a number of 
small portions parallel to the liquid surface, the lower of 
which attracts a portion of the fluid, this being thus brought 
within the sphere of attraction by the second, rises to it, 
and its place is supplied by another portion ; in like manner 
each portion of the liquid is attracted and elevated by the 
solid surface above it. The ascent stops at the point where 
the weight of the accumulated liquid is equal to the elevat- 
ing force. The result is entirely independent of the thick- 
ness of the solid body, whose surface alone acts, the force 
being exerted only at insensible distances. If two plates 
of glass be partially immersed in water, or other liquid 
capable of moistening them, near each other with their sur- 
faces parallel, they will co-operate, and the liquid will rise to 
heights inversely as the distances ; if they be placed with 
one vertical edge of each in contact, and thence opening 
at an acute angle (Fig. 20), the liquid will rise between 
them, the surface of the raised part being curved ; at any 
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Fig. 20. 




Fig. 21. 



two points of the curve, the height will be inversely as the 
distances of the 
plates. An open 
glass tube being 
put into a similar 
situation, the 
li uid will rise 
(Fig. 21) within 
it to twice the 
height it would 
:i tain bet een 
two plates separated by an in- 
terval equal to the internal 
diameter of the tube. The 
surface of the elevated liquid 
is a concave hemisphere, whose 
diameter is that of the tube. 
It is thought that, the liquid 
molecules tend to preserve a 
level surface, and the external 
force having disturbed their 

equilibrium, they are thrown into a state of tension which 
causes their ascent. This tension is illustrated by a soap- 
bubble retaining its form while the tube upon which it is 
blown is kept closed ; but upon opening it the bubble con- 
tracts with force quite manifest if the escaping air be di- 
rected against the skin or the flame of a candle. The tube 
being carefully withdrawn a column of liquid is retained 
whose height is always greater than when immersed, the 
height depending upon the size of the drop remaining on 
the extremity ; the walls of the tube being thick the drop 
is large and the height less, but if they be thin the drop is 
small and the height greater. The tube having the form of a 
syphon, a liquid poured in will stand at the same height in 
both branches, while it does not reach the end of the short 
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Fig. 22. 



one, when it has reached so far more may be poured into 
the longer branch to a constantly increasing excess of height, 
the concavity of the surface in the short branch proportion- 
ally diminishing till it becomes level, when the excess of 
the column in the long branch is equal to what a straight 
tube of the same diameter would elevate. Still more liquid 
can be poured into the long branch till the excess of the 
column is doubled, when that .in the short one will have a 
convex hemispherical surface ; if more be added the liquid 
will flow from the short branch and the column in the long 
one will fall to an extent dependent upon the size of the 
resulting drop. (Fig. 22.) The heights to which liquids 

will be raised by ca- 
pillarity vary greatly 
with different liquids ; 
but are constant with 
each, and do not ap- 
pear to bear any rela- 
tion to the densities, 
nor to depend on the 
nature of the tube, it 
being necessary only 
that it be moistened. 
In similar tubes the 
height of water being 
represented as 3-4, the 
numbers denoting those of solution of ammonia will be 3'6, 
of anhydrous alcohol 1-8, and of sulphuric acid 1*3. In a 
tube 0-05 in diameter, water (s. g. 1,000) is elevated 0'92 
inch, alcohol (s. g. 8195) 0.36, and oil of turpentine (s. g. 
0-8695) 0-39. 

35. If the tube be conical, and but a section of it be filled 
with an adhering liquid (Fig. 23), this will have two concave 
surfaces and the attraction of the glass, or the tension of the 
liquid, at those surfaces being inversely to the radius of the 
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curve, the liquid will pass to the narrower part of the tuhe. 

Fig. 28. 



Fig. 24. 




For the same reason, if the tuhe he composed of two parts, 
one much smaller than the other, the height of the column 
sustained hy it will depend upon the end which is uppermost 
heing the same as if the tuhe were throughout of the same 
diameter as that end (Fig. 24) : 
so a vessel of any shape having its 
upper part drawn into a capillary 
tuhe will sustain a column of 
water as high as the tuhe itself 
would. In an annular space of 
any thickness, the elevation is the 
same as in a tuhe of a diameter 
double that thickness : thus, if a 
rod of glass 0"36 of an inch in 
diameter he so fixed within a 
tuhe whose internal diameter is 

0-4 of an inch, that their axes shall coincide, there will 
he hetween them an annular space 0-02 of an inch in 
thickness, and in this space liquid will be elevated as high as 
in a tuhe the diameter of whose hore is 0*04 of an inch. If 
in this experiment a tuhe he substituted for the rod, both 
tubes will act separately : thus, if the diameter of the bore 
of the inner tube be double the thickness of the annular 
space, the liquid will stand at the same level in both ; if it 
be less, its column will be higher ; if it be larger, its column 
will not be so high. If the outer tube be much shorter 
than the inner and be closed at one end, the same changes 
can be produced as with the syphon (§ 34, Fig. 25). Two 
glass plates meeting by an edge of each at the small angle 
and these edges being placed horizontally, a drop of water 
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Fig. 25. 



introduced so as to touch them both, will pass rapidly 
towards the edges in contact ; if the upper 
plate be retained in the horizontal position and 
the angle be increased while the drop is mov- 
ing, its motion will be retarded by the force 
of gravity, and may be entirely overcome. 
(Fig. 26.) The influence of the solid extends 
to a considerable distance along the surface of 
the liquid : thus, a light ball of a matter capa- 
ble of being moistened by water floating on 
its surface, will move even to the distance of 
an inch to the side of the vessel containing 
them. And if two such balls be placed at the 
distance of an inch apart on 
the surface of water in a 
larger vessel, each will at- 
tract the water at half that 
distance, and the tension 
thus developed at its sur- 
face, will cause the balls to approach each other. (Fig. 



Fig. 26. 




Fig. 27. 



27.) A space completely filled cannot exert any capillary 
action ; hence, to whatever height in a tube a liquid may 
be raised by capillary attraction, it never runs over the top. 
Cotton-wick which is composed of a great number of vegeta- 
ble hairs united together with minute spaces between them, 
in which various liquids, e.g. oil, water, etc., will rise : by 
means of it a vessel may be emptied ; but it is not by ca- 
pillarity, but by gravity, that the liquid flows from the 
lower end ; for the escape may be immediately stopped by 
bringing the cotton to a horizontal position. The influence 
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of capillary attraction is remarkably exhibited in its pre- 
vention of evaporation : thus, tubes filled with water as 
entirely as they can be by this force, have been exposed for 
months to the action of the sun without any appreciable 
loss of the liquid. 

36. Imbibition is an example of adhesion and of capil- 
larity strictly so called ; for water being brought into con- 
tact with sugar, sand, sawdust, ashes, sponge, or blotting 
paper, it adheres, and they become moist, and having a 
multitude of minute cavities, ramifying more or less tortu- 
ously, quickly draw up the liquid, and become saturated. 
So also organic tissues, as cartilage and tendon when dried, 
if plunged into water soon imbibe a portion, and regain all 
the physical properties they possessed during life. Water 
by capillary force passes into a strainer, e.g. filtering paper, 
and by cohesion collects below into drops, and by gravity 
falls away. Solid particles being suspended in a liquid will 
rest upon a filter, while the liquid soaks into its substance. 
Drops of colored liquid, like chocolate or ink, falling upon 
cloth or other similar texture, the liquid is attracted from 
the more solid part, leaving them as a dark spot, surrounded 
by a zone less deeply colored. A similar effect follows 
the effusion of blood into the cellular tissue under the skin, 
the serum being carried to the margin. The subject of im- 
bibition was investigated experimentally a few years ago in 
Tuscany in the following manner. Six glass tubes about 
four-fifths of an inch in diameter, each closed at one end by 
a cloth tied round it, were filled with sand previously passed 
through a very fine sieve, and dried by a water bath ; agi- 
tation being carefully avoided, so that it might be equally 
compressed throughout. The closed ends were all at the 
same time plunged one-fifth of an inch deep into six differ- 
ent liquids, all at 73° F. The- imbibition commenced 
immediately, rapidly at first, but becoming progressively 
slower for ten hours, at which period it ceased. The liquid 

4 
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was replaced occasionally, so as to keep the pressure uniform 
in all the vessels. It was found that different fluids were 
imbibed in very different proportions, e.g. solutions of gum, 
boiled starch, and oil, scarcely at all ; concentrated saline solu- 
tions and all liquids holding very minute solid particles in 
suspension very slightly. The last underwent a kind of fil- 
tration. Among the following articles the saline solutions 
were all of one density, viz. 10 Baume ; white of eggs 
mixed with an equal quantity of water ascended 35 milli- 
metres ; milk, 55 ; solution of chloride of sodium, 58 ; 
distilled water, 60 ; solution of the carbonate of ammonia, 
62; serum, 70; solution of sulphate of copper, 75; solution 
of carbonate of soda, 85. It was found that as in capillary 
tubes, so in tubes filled with sand or pouuded glass, water 
is raised higher than alcohol ; in sawdust, on the contrary, 
it was not so much raised, as is here represented. 

In Sand. In Pounded Glass. In Sawdust. 

Alcohol rose - 85 mm. - 175 mm. - 125 mm. 
Water rose -175 mm. - 182 mm. - 60 mm. 

Two tubes, one containing twice as much pounded glass as 
the other, were placed in water; in the former the water was 
raised 170 mm., in the latter but 107 mm.; the cause of 
this difference is somewhat obscure, but it was attributed to 
the greater extent of solid surface and much smaller dia- 
meter of the capillary cavities in the former. Temperature 
was found to influence the process : two tubes prepared 
with sand were plunged equally into separate portions of 
water, one being at 131° F., the other at 59° F., after 
70 seconds the elevation in the former was 10 mm., in the 
latter 6 mm. ; after eleven minutes, in the former it was 175 
mm., in the latter 12 mm. It appeared to proceed equally 
well in air, dry or saturated with moisture. Imbibition by 
sand, ashes, and sawdust, was found to go on as well under 
the exhausted receiver of an air pump as in the open air- 
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though it progresses more rapidly in vacuo during the first 
few seconds, at the end of ten minutes no difference was 
observed. It might appear that a column oflight powder, 
e.g. sand, ashes, &c, would become saturated throughout 
by imbibing a liquid into which its lower end is immersed ; 
but this expectation is not realized by experiment; the im- 
bibition becoming progressively slower till it reaches a 
point, certain for each material, when it ceases entirely. 
This occurring at the same place in dry air or air saturated 
with moisture, cannot be caused by evaporation from the 
upper surface. It has been attributed to little canals reach- 
ing along the length of the column, and by their capillary 
action aiding the adhesion of the liquid to the surface of 
the solid. This explanation appearing to represent a force 
limiting its own exercise is not satisfactory ; it has been 
with more plausibility referred to the counterbalancing 
agency of gravity. More or less heat and electricity have 
been observed to be disengaged during capillary action ; in 
this respect it resembles chemical attraction. Moreover, 
salt water flowing through a long tube filled with sand, 
has been observed to lose its salt ; but this, according to the 
observations in Tuscany, occurs only at first, the fluid after 
a short time passing out as dense as when introduced ; and 
solution of carbonate of soda was found to be increased in 
density by flowing through ten feet of sand. 

Si. Os77iose is the transmission of liquids into each other 
through the pores of an interposed medium, which ordina- 
rily offers more resistance to the passage of one of the 
liquids than of the other. The phenomena can be exhibited 
in their greatest simplicity with the instrument called " en- 
dosmometer," which consists of a glass tube, one of whose 
ends is closed by a piece of bladder, and placed with its 
closed end in an outer vessel. Midosmose (from sv5ov and 
wflyo;) is the passage of the outer liquid into the interior. 
Exosmose (from sgw and utffxos) is the outflowing of the 
inner liquid. 
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Endosmose. — If a solution of sugar or gum be poured 
into the instrument, and the closed end be placed in pure 
water, the water will continually enter through the mem- 
brane, notwithstanding the pressure of the solution above, 
and the tube will thus be filled even to overflowing. At 
the same time some, but less, of the solution will pass out 
and mingle with the water. Membranes act thus, even 
till at the point of putrefaction ; but as soon as that com- 
mences the raised liquid descends and filtrates. Layers of 
slate, and still better baked clay, also have this property. 
Endosmosis is greatly influenced by the nature of the fluids. 
The velocity of the current is in direct proportion to the 
excess of density of the liquid within over that without, ex- 
cepting alcohol, which produces endosmosis of water placed 
externally. Through 'a membrane 4 millimetres thick 
upon a tube 2 mm. in diameter divided into spaces each 
2 mm. long, in an hour and a half, into a solution of sugar 
with a density of 1*083, a column of water has been found 
to rise 19| divisions, into a solution with a density of 1*145 
to rise 34, and into a third solution with a density of 1*228 
to 53. It appears that, of all organic substances soluble in 
water, albumen produces endosmose with the greatest force ; 
for the following solutions, of the same densities, being 
separated from water by a bladder, solution of gelatine 
drawing in 3 measures, solution of gum drawing 5*17, that 
of sugar 11, and that of albumen 12. The endosmose of 
water is caused energetically by all animal fluids, except 
those usually found in the large intestines : the cause of 
these not producing it is probably the sulphuretted hydro- 
gen which they contain ; that gas completely preventing 
its manifestation in a membrane with which it has been 
but a short time in contact. The slightest trace of sulphu- 
retted hydrogen or of sulphuric acid modifies its produc- 
tion, a property not possessed by hydrochloric nor nitric 
acid. The passage is facilitated by an increase of tempera- 
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ture. Endosmose occurs from water to a solution of hydro- 
chloric acid with a density of 1'02 ; but if the density be 
1-015 the current is in the contrary direction ; if acid with 
this density be used at a temperature above 68° F. the 
current is again reversed. 

That the above velocities are to be considered invariable 
only when through bladder, is evident from experiments 
with different kinds of membranes. In each experiment 
two endosmometers were used, each 3 mm. in diameter, 
prepared with the same kind of membrane, which was 
attached to the one with its outside and to the other with 
its inside towards the interior of the tube, both being im- 
mersed into the same vessel. Sometimes an instrument has 
been used which is essentially a cylinder separated into two 
parts by the membrane, each communicating with a sepa- 
rate tube. (Fig. 28.) Besides spring water, which was 
generally exterior to the tube, the 
following liquids, always of the den- 
sities specified, have been used : 
sugar water, 19° Baume ; solution 
of white of eggs, 4° ; solution of 
gum arabic, 5° ; and alcohol, 34°. 
The experiments were continued two 
hours between the temperatures of 
53-6 and 59 1 F. With the exter- 
nal surface of torpedo skin toward 
the interior of the tube the column 
of solution of gum was raised 30 
nun., of syrup 30 to 80, of solution 
of albumen 26 ; with its internal 
surface toward the interior the co- 
lumn of gum solution rose 6 to 18, 
of syrup not more than 2, of solu- 
tion of albumen 13. With the ex- 
ternal surface of the skin of a frog toward the interior of 
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the tube the column of solution of gum rose 32, of syrup 
36, of solution of albumen 24 ; with the position of the 
skin reversed the gum water rose 16, the syrup 24, and 
the solution of albumen 12. With the external surface 
of the skin of an eel toward the interior of the tube the 
solution of gum rose 20, the syrup 30, and the solution 
of albumen 8 ; with the skin in the opposite position 
the solution of gum ascended 17, the syrup 20, and the 
solution of albumen 4. Unlike the skins of the torpedo and 
the frog, the difference with the two sides of the eel-skin 
did not in the experiment upon syrup appear for some time ; 
while in those upon solution of gum or albumen, it, as with 
the other skins, appeared immediately. The eel-skin having 
been detached from the animal two or three days, the dif- 
ference of the height of the column in the two tubes was 
not seen. Freshness did not appear so essential in the frog 
or torpedo-skin. With these skins the current, as with the 
bladder, was always from water to alcohol. It was always 
influenced by the disposition of the membrane ; but this 
was different in different skins. Through the frog-skin the 
current was more rapid from the external to the internal 
surface, the rise in such circumstances being 20, 24 and 
40 mm., while in the contrary condition it was but 4, 12 and 
20 ; but with eel-skin the current was much more rapid 
when from the internal to the external side, 20 mm. passing 
so while only 10 passed from the external to the internal ; 
the difference was the same with the torpedo-skin as with 
the eel-skin, 50 mm. passing from the internal to the exter- 
nal side, while but 20 passed from the external to the 
internal. With the torpedo-skin, if it was recently pre- 
pared, the currents were as above stated ; but after it con- 
tinued an hour the current from the external to the internal 
side diminished, and ultimately ceased entirely, while the 
contrary current remained constant. These singularities 
have been attributed to chemical change effected in the 
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skin by the alcohol. The intensity of the endosmose was 
diminished but irregularly through eel and frog-skin, and 
with neither was the direction of the current changed. 

The table here quoted exhibits the intensity of the endos- 
mose of spring water into each of the liquids through the 
dilVerent skins : 



Solution of 

sugar. 

Mil. 


Solution of 

albumen. 

Mil. 


Solution of 
gum. 
Mil. 


Alcohol. 
Mil. 


, 100 


30 


120 


35 


25 


15 


22 


80 


, 15 


8 


6 


55 



Skin of torpedo, 
Skin of frog, . 
Skin of eel, . . 

38. The mucous membranes of the stomach of the lamb, 
cat, and dog, and of the gizzard of the fowl, each carefully 
detached from the muscular coat, have been subjected to 
experiment. The endosmose of water into solution of 
sugar was greater from the external to the internal side 
through all except that of the lamb, in which it was the 
reverse ; in the gizzard the difference was slight. Water 
passed into solution of white of eggs more rapidly from the 
external to the internal surface of the membrane of the 
lamb : through that of the fowl it passed equally fast which- 
ever side was in contact with the solution, except in one 
experiment. The endosmosis of water to gum water was 
nearly equal either way ; if there be any difference it is 
greater when the inner surface is towards the gum water. 
The endosmosis of water and alcohol was most active from 
the internal to the external surface ; the current through 
the gizzard was always to the water — through the others 
always to the alcohol. With the mucous membrane of the 
bladder of the ox, separated from the muscular fibres, in a 
fresh condition, the following results were obtained : With 
syrup used within the instrument the ascent was more 
rapid when the internal surface was uppermost. With 
gum arabic solution as the inner liquid the column at first 
descended, but afterwards ascended ; the height which it 
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attained was always greater when the external surface was 
uppermost. With alcohol the current was from the water: 
the influence of the surface was not decided. Drying or 
putrefaction destroyed nearly or entirely the influence of 
the surfaces. By soaking the membrane to which muscular 
fibres adhered, they became distended, and thus were 
restored to a condition similar to that of those in a fresh 
bladder : in either case the fibres interfered with the 
passage of the water. The phenomena of endosmose 
through organized tissues not presenting the uniformity 
observed in purely physical phenomena must be owing to 
their anatomico-physiological state. From the experiments 
here considered the following general conclusions have 
been deduced. 

" 1st. The intermediate membrane exerts a very active 
part in the velocity of the endosmosic current, as well as in 
its direction. 2d. There is, in general, with each mem- 
brane, a certain position in Avhich endosmose is most 
active. The cases are very rare in which, with a fresh 
membrane, the endosmose is the same, whatever be its dis- 
position with regard to the two fluids. 3d. The direction 
most favorable to endosmose through skins, is generally 
from the internal to the external surface, with the excep- 
tion of that of a frog, through which the endosmose 
between water and alcohol takes place more vigorously 
from the external to the internal surface. 4th. The direc- 
tion most favorable to endosmose through the stomach and 
urinary bladders is much more variable than through skin 
according to the different fluids. 5th. The phenomenon 
of endosmose is closely connected with the physiological 
state of the membranes. 6th. With membranes dried or 
altered by putrefaction, there is either no endosmose or if 
there be any, there is no difference in the different positions 
of the skin." 

39. Meosmose is the flowing out of the inner liquid. It 
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had been supposed that this occurred in all cases, and that 
the rising of the fluid within the tube was caused by the 
inner current exceeding the outer. To determine this 
point the Tuscan experimenters employed the skins of frogs 
and eels, and for the denser fluid solution of salt or sugar. 
They used two instruments, one with the inner surface, and 
the other with the outer towards the interior of the tube. 
Into each they introduced an equal quantity of the solution 
of salt (or of sugar) in water, and placed them in separate 
glass vessels, each containing a quantity of distilled water 
equal in bulk to the solution. After two hours, each sepa- 
rate portion of liquid was measured. If the difference in 
the height of the columns, in the two cases, depended upon 
difference of strength in the inward and outward currents, 
then that column which had increased most in height 
should have been most reduced in density. But they 
observed that in the endosmometer in which there was the 
greater rise there was less change of density in the inner 
fluid ; and that into its vessel containing the distilled water 
there had been exosmosed less salt w r ater than into the 
other. They therefore concluded that the endosmose was 
equal in the two, and that the difference in height depended 
upon a greater quantity of salt water being exosmosed 
from that in which the column had ascended the less. 

Though this subject, especially as it regards the com- 
parison between different classes of animals, particularly the 
carnivorous and herbivorous, is far from being exhausted ; 
yet the above results show the great importance of the 
action of the interposed membrane, the dependence of its 
action upon its physiological condition, and the intimate 
connexion between endosmosis and the functions of organic 
matters. The exosmosis of albumen, gum, and sugar, is 
most active from the inner to the outer surface of skins, 
the direction in which the copious secretions of mucus pass 
through the skins of eels, frogs, &c. ; the endosmose of 

4* 
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water is but slight in the contrary direction; as these 
animals absorb but little water through their skins. Alcohol 
is the only fluid which acts in a contrary manner : having 
no analogy with any animal fluid its action cannot bear 
upon a question of physiology. The currents through the 
mucous coats of stomachs not being so imiform as through 
skins accords with the fact that in different animals, e. g. 
ruminant and carnivorous, the functions of digestion and 
absorption of nourishment are very much diversified. Micro- 
scopic observers have ascertained that, at a certain period 
of the formation of all vegetable and animal tissues, and of 
fluids generated by changes in living organized matter, they 
contain microscopic corpuscules called " cellular or ele- 
mentary." These corpuscules are of a sjjherical form, and 
composed of a very thin membrane inclosing a liquid, and 
having on their inner side a small organized body called 
" cytoblast, or nucleus." The corpuscules originate in a 
liquid called " cytoblastema," and end in being compressed 
together, the cytoblastema or intercellular liquid becoming 
denser and always being the medium of union. The life of 
these cells forms the most essential requisite to the preser- 
vation and growth of living tissues : and as they contain 
one fluid and are surrounded by another, it is highly pro- 
bable that endosmose is constantly taking place through 
the membranous coat. Thus, the ovules are nourished in 
the ovaries of mammiferous animals ; and thus, the sacs 
containing the germs of cephalopodous mollusca open when 
they come in contact with water. Certain purgative sub- 
stances causing an increased quantity of albumen to be 
evacuated, it was conjectured that their action might be by 
causing endosmosis ; and it has been accordingly ascer- 
tained that solutions of sulphate of soda and of chloride of 
sodium and seid'iitz water produce endosmose of serum 
through animal tissues. The opinion has been further sus- 
tained by the observations that endosmose is much more 
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rapid when one of the fluids is in constant motion ; and that 
hydrochlorate of morphia added to these saline solutions 
diminishes the endosmose of serum, and finally reverses the 
current. Hence it has been asked : " How can this fact be 
entirely overlooked in explaining the action of morphine 
and preparations of opium as remedies for diarrhoea, and 
the constipation which they produce ?" 

If a considerable portion of a large vein be fixed by one 
extremity to a tube communicating with the bottom of a 
glass-jar filled with water and by the other to a closed stop- 
cock ; and if a part of the vein be immersed in water aci- 
dulated with hydrochloric or sulphuric acid : after some time 

Fig. 29. 




the acid will be detected in the jar: if instead of waiting, 
the water be allowed to flow through the vein, the acid 
can be detected therein some time before it can be in the 
jar. If the experiment be modified by placing the acidu- 
lated water in the jar and vein, and water colored with 
tincture of litmus in the other vessel, this water and the 
acid will both be found to pass through the coat of the 
vein with a rapidity proportional to that of the current 
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from the jar through the calibre of the vein. The same 
results are obtained if an artery or a tube of clay, paste- 
board or wood be substituted for the vein. Friction on the 
skin and the peristaltic action of the intestines facilitate 
absorption of substances applied to them, by expediting 
the movement of the liquids in their vessels. Exhalation 
is effected by a similar mechanism and is governed by the 
same laws. If a liquid be capable of being imbibed by the 
vessel containing it, a quantity proportional to the facility 
with which it is imbibed is constantly exhaled. The more 
humid the vessel is externally, the more rapidly does the 
internal liquid escape. Cutaneous transpiration is more 
rapid as the air is drier, being in some cases ten times greater 
than in others : and like simple imbibition it is facilitated 
by elevation of temperature, it is doubled in passing from 
thirty-two to sixty-six ; it is also increased by agitation of 
the air surrounding the animal. When the arteries and 
veins are injected with a solution of gelatine in which fine 
vermilion powder is diffused, for the preparation of anato- 
mical specimens, the solution passing through the coat be- 
comes colorless. So in living animals the fluids imbibed 
on one side and exhaled on the other by a membrane are 
not identical. Thus though there is much obscurity about 
the nature of secretion, there is not an entire want of foun- 
dation for the opinion of the ancients, that glands were 
mere filtering machines. The cause of the ascent of sap 
is yet unknown, though it is intimately connected with a 
process very similar to, if not identical with endosmose, 
taking place in roots ; in like manner the proper juice de- 
scends from the leaves. A fruit, such as a peach, just en- 
larging contains a fluid denser than the sap, by endosmose 
the sap is attracted into the fruit which becomes more 
bulky and juicy, the more watery part being exhaled into 
the atmosphere, the more solid parts of the sap become 
changed into pulp. In the passage of gases through porous 
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substances like membranes a degree of endosmosis proba- 
bly occurs; a bladder filled with water slightly charged 
with carbonic acid being introduced under a bell glass full 
of hydrogen, oxygen or nitrogen, a part of the carbonic 
acid will leave the water and its place be supplied by the 
outer gas. Air having been removed from the lungs of a 
lamb by suction, its place partially supplied by oxygen gas 
and the larynx closed, they being introduced into a receiver 
full of carbonic acid over water, become in a few seconds 
as much distended as the receiver will permit : and both 
gases were found to have penetrated the lungs, but a much 
greater quantity of carbonic acid than of oxygen. A 
lung being filled with carbonic acid and introduced into 
oxygen contracts, and the gases mix; but the oxygen enter- 
ing is less than the escaping carbonic acid. A soap bubble 
full of hydrogen or air floating on carbonic acid gas expands 
and sinks, being penetrated by both gases, but by more of 
the acid than of the other gas. These differences are attri- 
buted to water absorbing more carbonic acid than hydrogen 
or oxygen. Frogs having their lungs emptied by pressing 
on their chests and abdomens and being then plunged some 
into hydrogen and others into nitrogen, these gases were 
absorbed, and into the nitrogen gas carbonic acid was evolved 
Avhile into the hydrogen both nitrogen and carbonic acid 
were given off. In fishes there is an exchange of oxygen 
and carbonic acid between the water and blood through 
the gills : and the same exchange takes place through the 
lungs in breathing animals between their blood and the 
atmosphere. 



40. Respecting the nature of the osmotic force, the cause of 
these phenomena, different conjectures have been advanced. 
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I. By some it has been thought to be electrical. 

II. Much has been referred to the chemical reactions of 
the two liquids : but the advocates of this opinion being 
inclined to the electrical view make no attempt at explana- 
tion of the action .of the septum. 

III. Experiment has led others to the conclusion that 
one surface of the septum is acid and the other basic, this 
state being connected with a progressive decomposition of 
its substance ; and that an alteration thereof is a condition 
indispensable for manifestations of the osmotic force. 

IV. The action has been supposed to commence in capil- 
larity and to be completed by the mutual alterations 
of the liquids, the attraction of the solid for the liquid 
only effecting the occupation of the numerous small chan- 
nels by one liquid in preference to the other and the con- 
tinuance of the liquid threads: the action then being only 
between the liquid A actually absorbed and the liquid B 
attracting it with a force superior to that exercised between 
its own molecules, the motion may take place as well in one 
direction as in the other ; as soon as the pores of the sep- 
tum are charged with the liquid A and its passage towards 
B being considered in consequence of its less bulk, more 
rapid than that of B towards A, it follows that if the sep- 
tum be charged with B the movement will be in the con- 
trary direction. To this theory it has been objected that 
the elevation of liquids in capillary tubes is very slight in 
comparison with the height of columns supported by en- 
dosinose. The objectors, however, appear to have over- 
looked the circumstance that the heights of the liquids in 
ordinary capillary tubes depend on the nature of the liquid 
and not that of the tubes, as is the case of endosmose, and 
that in the latter case an essential condition is a fineness of 
pores unattainable in ordinary capillary tubes. There is 
however, a serious defect in the theory ; viz. that the election 
made by the solid between the liquids is left out of view 
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V. It is thought that osmose, instead of being caused by 
any peculiar force, is the effect of affinity, in the widest 
sense of the term including capillarity ; and that it is errone- 
ous to attribute osmotic force to chemical decomposition of 
the membrane or to suppose the acid always to flow towards 
the base ; indeed oxalic acid, which produces the greatest 
effects, is asserted to be a conservative agent ; and with an 
alcoholic solution of alkali and a very dilute aqueous solu- 
tion of acid the base is carried through animal membranes 
and porous clay impregnated with castor oil towards the 
acid. 

Porous clay, though possessed of very minute pores, is in 
osmotic faculty inferior to liquids which are among the 
most excellent osmotic agents. Two liquids of different 
densities being placed in a test tube and separated by an- 
other liquid of intermediate density and capable of dis- 
solving an appreciable quantity of only one of the other 
liquids, this one will pass through the intermediate into the 
other, e. g. chloroform being covered with water, and this by 
ether, the last will gradually pass to the chloroform till all 
disappears. The experiment may be modified so as to bring 
into action increase of pressure, which is ordinarily present 
in osmotic experiments: to effect this the intermediate layer 
must be fixed, this is accomplished by saturating a porous 
vessel with the intended liquid septum, when the apparatus 
is arranged with the liquid which more readily mixes with 
the intermediate placed in the outer vessel : the action is 
clearly indicated by the rise of the column in the tube. A 
porous vessel impregnated with castor oil and filled with 
water being placed in alcohol this will pass to the water ; 
whereas in the absence of the oil the principal movement 
will be of the water towards the alcohol. 

41. Chemical Affinity .—This term is employed to desig- 
nate that form of attraction which causes particles of differ- 
ent natures to unite and produce compounds possessed of 
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properties different from those of either of its ingredients. 
This force was thus figuratively named from the idea of 
attachment or aversion existing between particles. It is 
also called " chemical attraction " and " attraction of com- 
position," because it is the cause of the formation of com- 
pound bodies. By simple or elementary bodies chemists 
mean such as have never been separated into more than 
one possessed of different properties. Many which are 
now known to be compounds were long thought to be 
simple ; and there are reasons for supposing some which 
are regarded as simple to be compound ; yet, having never 
been analysed, they must for the present be classed with 
the elements. Of the four supposed elements of the ancients 
(fire, air, earth, and water), the last three are now known 
to be compounds, and the first does not exist. 

Analysis is the separation of a compound into its ele- 
ments. Synthesis is the union of two or more simple 
bodies into a compound. Analysis and synthesis are 
mutual proofs each of the accuracy of the other. If water 
and olive oil, water and mercury, or mercury and oil, be 
mixed together, on allowing them to rest they will be found 
to separate unchanged in any of their properties ; they are, 
therefore, said to have no affinity for each other. But if 
oil be mixed with a solution of potash, they will unite and 
form a liquid soap. If sulphur and mercury be rubbed 
together, they will be changed into a black powder called 
" sulphuret of mercury." The oil is said to have an affinity 
for the solution of potash, and the sulphur for the mercury. 
In general simple bodies unite with simple, and compound 
bodies with compounds ; but in some instances, especially 
in the products of organic actions, a compound is found to act 
the part of a simple body, in which case it is called a " com- 
pound radical." Chemical affinity is exerted only between 
the minutest particles of matter ; here it is promoted by 
solution, mechanical division, trituration, or other mode 
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of intermixture, e.g. bi-carbonate of soda and tartaric acid 
may be mixed together without any reaction ; but upon 
the addition of water an effervescence occurs indicating the 
decomposition of the former by the latter. When chloride 
of ammonium is triturated with lime, they are decomposed, 
ammonia is evolved, and readily distinguished by its odor. 
Chloride of calcium and water are at the same time formed. 
42. Chemical affinity does not cause bodies to approach 
each other. Bodies do not act on each other chemically 
unless they be in apparent contact, as will be illustrated by 
the following experiment: — Put into a glass vessel a solu- 
tion of salt of tartar, and introduce under it, by means of 
a dropping tube, some glauber salts dissolved in water, and 
under this a portion of oil of vitriol ; by so doing we have 
three layers of fluid, that of sulphate of soda separating 
the other two ; but by stirring them with a glass rod these 
two will be brought into contact, and act chemically, as 
will be indicated by a violent effervescence. Sulphur and 
copper in mass do not affect each other, but if both be in a 
state of fine powder, and they be rubbed together in a 
mortar, sulphuret of copper (a new substance) is formed, 
with disengagement of much heat. Whatever promotes 
the approximation of the particles of bodies, at the same 
time, promotes their union : thus, the union of solids, as 
already shown, is promoted by mechanical intermixture, 
that of solids to liquids or gases, and of liquids to gases, 
by their tendency to adhere; of gases to gases by their 
property of diffusion ; and of liquids to liquids by a some- 
what similar property. Chemical attraction is exerted 
with very different degrees of force: thus, phosphorus 
unites with oxygen at all ordinary temperatures, and with 
great violence if the temperature be elevated ; while silver 
cannot be directly united with it at any temperature. Po- 
tassium combines with oxygen in whatever form it is pre- 
sented to it, and they cannot be separated except at very 
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high temperatures, or hy means of great electrical power ; 
while chlorine and oxygen cannot be united directly, and 
when combined (as they can be in several proportions), by 
indirect means, they are retained by so feeble an affinity as 
to be separated by a slight elevation of temperature, some 
of their compounds being decomposed even by the slightest 
agitation. The smallest quantity of any two acids neces- 
sary to form the simplest compound with a fixed quantity 
of any base having been ascertained, and the quantity of 
any other base necessary to form such a compound with 
either of the acids being then determined, the same quan- 
tity of this second base will be necessary to unite in the 
same way with the other acid, e.g. 40 parts by weight of 
sulphuric acid unite with 48 of potash, and 71 of phospho- 
ric acid unite in the same manner with the same quantity of 
potash. The quantity of water present is left out of view. 
31 parts of soda unite with 40 of sulphuric acid and with 
72 of phosphoric acid ; 48 of potash is therefore said to be 
equivalent to 31 of soda, and 40 of sulphuric acid to 72 of 
phosphoric acid ; or more generally, the numbers are called 
the equivalents of the substances to which they are re- 
spectively attached. The equivalent of a compound is al- 
ways the sum of those of its elements. By the old che- 
mists solution was considered an instance of chemical ac- 
tion ; but it is rather one of adhesion, a subject which, until 
recently, has received very little attention. Chemical action 
differs from solution, in that it occurs with more force as 
the properties of the bodies are more opposed : thus, acids 
unite more readily with oxides and alkalies ; and in chemi- 
cal compounds the constituents are always united in defi- 
nite proportions. 

43. Chemical combination is attended by a change in the 
properties of the substances uniting ; some of the proper- 
ties of one or both of the ingredients are lost, and others 
entirely new appear in the compound formed. Sulphuric 
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acid is a caustic, oily fluid, and reddens vegetable blue 
colors ; and potash a white amorphous, caustic solid, and 
changes vegetable blue colors to green ; by their union is 
formed the common vitriolated tartar, which is destitute of 
causticity, and has no effect on vegetable colors, but has a 
regular crystalline figure. The older chemists believed that 
the properties of compounds were the intermediates of 
those of their ingredients, but such examples as this, of 
which many might be adduced, show this to be a mistake. 
We can form no opinion of what will be the properties of 
a compound by knowing the nature of its component 
parts. When opposite properties disappear the combining 
bodies are said to neutralize each other, and the exact point 
at which this takes place is called the point of neutraliza- 
tion. A change of temperature usually attends chemical 
action ; sometimes it is elevated, as in ordinary fires and 
fermentation. The mixture of water with oil of vitriol is 
attended by a considerable increase of heat. Sometimes 
there is a production of cold, e.g. powdered crystallized 
chloride of calcium and snow produce cold enough to freeze 
mercury. Chemical action is also sometimes attended by a 
change of color. If a portion of mercury (a silvery-colored 
metal) be agitated in contact with air, it is changed to a 
black powder ; if heated with access of air it is changed to 
a red powder, owing to its combining with one of the con- 
stituents of the atmosphere. Mercury, by combining with 
iodine, a bluish black crystalline matter, forms iodide of 
mercury, crystals of a scarlet color. If an infusion of oak 
bark be added to a transparent liquid containing iron, a 
black color will be produced. A change of form or density 
is frequently effected by chemical action. A liquid or gas 
is sometimes produced by the reciprocal action of two 
solids ; a solid or gas by that of two liquids, and a solid or 
liquid by that of two gases. The solid amalgam of lead 
and that of bismuth by combining form a liquid. If quick- 
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lime be heated in contact with chloride of ammonium a gas 
is evolved. Phosphorus and sulphur heated together in 
certain proportions unite and form a liquid. Sulphuric acid 
mixed with one-sixth or one-fifth its weight of alcohol, and 
heated, yields olefiant, carbonic acid, and sulphurous acid 
gases, and vapor of ether. Oxygen and hydrogen gases 
exploded together produce water. Euchlorine gas and 
twice its weight of hydrogen gas, detonated together, be- 
come liquid hydrochloric acid. Ammoniacal and hydro- 
chloric acid gases, immediately upon coming into contact, 
unite and form a solid chloride of ammonium. Two vo- 
lumes of binoxide of nitrogen and one of oxygen unite and 
are condensed into one of hyponitric acid. Ammonia has, 
by analysis, been found to be composed of one volume of 
nitrogen and three of hydrogen condensed into two volumes. 
If one substance be brought into contact with two others 
for which it has unequal affinities, it will unite with the one 
for which its affinity is the greater to the exclusion of the 
other ; the first substance has been considered as making a 
selection between the other two ; and it is therefore said to 
exercise an elective affinity or attraction; thus nitric acid 
will unite with lime in preference to magnesia : and water 
attracts alcohol more strongly than it does chloride of mag- 
nesium. If a substance in combination with another be 
brought into contact with a third for which it has a greater 
affinity than it has for the one with which it is combined, 
it will leave it and combine with the third. If to the 
combination of olive oil and solution of potash mentioned 
above, be added a portion of sulphuric acid, it will unite 
with the potash and the oil will be separated. This affords 
an example of what is called "simple decomposition;" it 
is owing to the potash having a greater affinity for the sul- 
phuric acid than it has for the olive oil. Iodine decom- 
poses sulphurated hydrogen forming hydriodic acid and dis- 
engaging the sulphur : bromine in a like manner takes hydro- 
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gen from hydriodic acid and forms hydrobromic acid ; and 
chlorine liberates bromine from hydrogen and forms hydro- 
chloric acid. The order of affinity of these elements for 
hydrogen appears to be chlorine, bromine, iodine, sulphur. 
The order of precipitation of metals by others from the 
solutions of their salt, was supposed to indicate the strength 
of their affinities for oxygen and the particular acid : e.g. 
mercury decomposes nitrate of silver precipitating the sil- 
ver ; in like manner copper precipitating mercury and silver 
from their nitrates, and zinc precipitating all of them, it 
has been inferred that zinc has a stronger affinity for oxy- 
gen and nitric acid than either of the other metals, copper 
a stronger affinity than mercury or silver, and mercury 
than silver. Bodies have been arranged in tables express- 
ing the order of their decomposition, which are called 
" tables of elective affinity." 

Sulphuric Acid, 

Baryta, 

Strontia, 

Potash, 

Soda, 

Lime, , 

Magnesia, 

Ammonia. 

The affinities of bases for an acid are expressed by draw- 
ing a line under the name of the acid and writing under it 
the name of the base whose affinity for the acid is the 
strongest, and under it that of the one having the next 
strongest affinity, &c. Thus, according to the accompany- 
ing table, magnesia will take sulphuric acid from ammonia, 
and lime will take it from both ammonia and magnesia, &c. 
These, if correctly constructed, express accurately the order 
of decomposition in one set of circumstances ; but do not 
express the independent force of affinity, this being very 
much modified by contingencies. 
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44. The causes modifying the action of affinity are as 
follow : 

I. Alteration of Temperature. — Mercury, if long ex- 
posed to the air at a high temperature, becomes changed 
into bright red crystals by combining with oxygen, a part 
of the air; if the temperature be raised still higher the 
mercury and oxygen separate. It is supposed that this may, 
in part, be owing to the mercury tending to assume the state 
of vapor. But this cannot be the reason, because oxygen 
exists as a gas when free, even at ordinary temperatures. 

45. II. Cohesion. — When in full action this force inter- 
feres with chemical affinity, e.g. if carbonate of lime in 
the form of a lump of marble be thrown into sulphuric 
acid, the reaction is very slight, but if it be reduced to fine 
powder, and then added to the acid, there w r ill be a rapid 
evolution of carbonic acid gas. Two solid bodies rarely 
react. A mass of lead becomes speedily tarnished by ex- 
posure to air ; but the crust of oxide formed protecting 
the inner part, and the conducting power of the mass pre- 
venting the elevation of temperature from the oxidation of 
the surface, the process stops, only the surface being co- 
vered by a thin layer of oxide ; but if lead be reduced to a 
powder and agitated with water containing the usual 
amount of air, it is speedily converted into a white oxide , 
in the state of extreme division, to which it is brought by 
calcining the tartrate in a glass tube, it takes fire, even in 
cold air combining with the oxygen of the air. Iron in mass 
scarcely rusts in dry air ; but by reducing the sesquioxkle 
of iron by means of hydrogen gas, at a low red heat, the 
iron is brought to the state of an extremely fine powder ; this, 
upon coming into contact with the atmosphere at ordinary 
temperatures, immediately takes fire. In such cases too 
great a surface is acted upon at once to allow the calo- 
ric evolved to be conducted away before the metal is 
burnt. Cohesion scarcely existing in liquids the action be- 
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tween two bodies is greatly facilitated by one or both being 
in a liquid state. Insolubility is very much owing to the 
prevalence of cohesion, and accordingly interferes with 
affinity. A large proportion of chemical reactions occur 
between bodies in solution and are affected by the relations 
of them and their product to the solvent; carbonate of 
potash dissolved in water is decomposed by acetic acid, the 
acetate being soluble in water ; it is also soluble in alcohol, 
while carbonate of potash is not soluble therein ; if, there- 
fore, a stream of carbonic acid gas be passed into a solution 
of acetate of potash in alcohol the carbonate of potash is 
formed and immediately precipitated. 

46. III. Elasticity.— If the affinity between two gases be 
great they will, from their property of diffusion, react with- 
out interruption, until one or both is entirely neutralized. 
If hydrochloric acid and ammoniacal gases be admitted 
into a vessel containing atmospheric air their combination 
proceeds, forming chloride of ammonium, until the whole 
of that which may be the smaller in quantity has united 
with an equal bulk of the other. The volatility of a body 
facilitates its disengagement from another more fixed, e.g. 
the commercial " carbonate of ammonia" is not uniform in 
composition, but, when fresh, approaches two equivalents 
of oxide of ammonium and three of carbonic acid ; being 
exposed to the air it evolves ammonia and becomes bi-carbo- 
nate of ammonia. By a great heat sulphuric acid is driven off 
from oxide of iron which is fixed. Whatever retards vola- 
tilization, e.g. pressure, will prevent the decomposition in 
such cases. On the contrary, it is promoted by any cause 
which will expedite the escape of the volatile matter, e.g. 
an atmosphere of a different nature. An aqueous atmo- 
sphere favors the escape of nitric acid; accordingly nitrate 
of alumina and nitrate of iron lose a portion of their acid 
by the spontaneous evaporation of their solutions. Carbo- 
nate of lime may be heated to redness in a crucible with 
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but a very partial decomposition ; because the small quantity 
of carbonic acid evolved remains in contact with it, and does 
not afford a suitable vehicle for the escape of more ; while 
if there be a current of air passing through it the whole of 
the acid may be separated. The affinities of hydrogen and 
iron for oxygen appear to be nearly balanced ; and steam 
affords a suitable atmosphere for the diffusion of hydrogen, 
as does hydrogen for that of steam ; while each tends to 
repress the escape of its own kind. Hence if iron be heated 
red-hot in a porcelain tube, and steam be passed over it, 
the oxygen unites with the iron, and the hydrogen passes 
off as a gas ; but if oxide of iron be heated to redness in 
the tube, and a stream of hydrogen gas be passed through 
it, the hydrogen separates the oxygen from the iron, and 
water is formed, which passes on as steam. 

47. IV. Nascent State. — When a body is in the act of 
being liberated from combination it is in the most favorable 
condition for uniting with other bodies. In such circum- 
stances some bodies enter into a combination which cannot 
be made to combine in any other manner, e. g. carbon and 
nitrogen, in the gaseous state, will never unite with hydro- 
gen ; but when they are simultaneously set free, as in the 
destruction by fire or by putrefaction of organic matter, 
they readily unite. Silicic acid is ordinarily insoluble, but 
when freshly disengaged from oxide of iron or an alkali it 
combines with water, forming a soluble hydrate. 

48. V. Substitution, i. e. where one element takes the 
place of another in a compound, thus forming a new com- 
pound, the number of equivalents in which are the same as 
in the original, but part of them different in their nature, 
e.g. when hot iron acts upon water it takes the place of 
the hydrogen, which is set free, and forms oxide of iron. 
In many cases compounds are much more easily formed by 
substitution than by the direct union of their constituents ; 
some can be obtained only in this way. Carbonic acid is 



ATTRACTION. 97 

not absorbed by anhydrous lime, but readily by its hydrate, 
the water being displaced by the acid. Phosphoric acid 
forms three hydrates, containing one, two, and three equiva- 
lents of water. By substituting an equivalent of soda for 
one of water six different phosphates of soda may be formed 
from these three hydrates. 

49. VI. Disposing Affinity. — This name is applied to a 
supposed cause modifying the exercise of affinity in a large 
class of remarkable actions, e. g. iron or zinc may be a long 
time in contact with water without undergoing any change ; 
but if sulphuric acid be added, hydrogen is speedily evolved 
and sulphate of oxide of iron or sulphate of oxide of zinc is 
formed. The acid dissolves off the oxide as fast as it is 
formed : the water alone is decomposed. Why this decom- 
position proceeds more rapidly in the presence of the acid 
is not clear. It is generally said to be owing to the 
affinity of the acid for the oxide disposing the metal to 
act more promptly. Silver cannot at any temperature be 
directly united with oxygen ; yet if ignited, in a finely 
divided state, in contact with a silicic acid and an alkali, it 
combines with oxygen, and silicate of silver is formed. 
Platinum has less affinity than even silver for oxygen, yejt 
under the disposing influence of potash it unites with it ; 
thus if platinum be heated in contact with hydrate of pot- 
ash, hydrogen is evolved, and protoxide of platinum is 
formed, which, like an acid, combines with a poi'tion of the 
potash to form a salt. 

50. VII. Quantity of Matter. — When two elements 
can combine in different proportions they unite with the 
greatest force in that compound where the number of equi- 
valents is smallest; e.g. binoxide of hydrogen is with diffi- 
culty preserved, while water requires considerable force to 
decompose it. When a compoimd of two substances is 
decomposed by a third, the process is most rapid at first; 
unless the one disengaged be removed immediately from 

5 
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the sphere of action, its increased quantity appearing to 
compensate in part for its weaker affinity. It is, therefore, 
often necessary to add more of the third than is necessary 
to neutralize the one with which it is designed to unite. 

51. VIII. Gravity. — Great difference in the specific gra- 
vities of bodies, tending to separate them, interferes with 
the action of affinity : thus in cases of solution the lower 
portion is generally more nearly saturated than the upper, 
unless they be agitated : and unless the same precaution be 
taken, the upper part of an alloy of metals having different 
specific gravities will contain less of the heavier metal than 
the lower part. By removing the newly formed compound 
out of the sphere of reaction, and thus allowing the nearer 
approach of the combining bodies, gravitation may aid 
affinity. 

52. IX. Mechanical Action. — The influence of this cause 
is evinced by fulminating powders being exploded by a 
blow, and phosphorus inflamed by friction with chlorate of 
potash or alone. Oxygen and hydrogen unite with explosion 
if suddenly and violently compressed. 

53. X. Presence of a Solid. — The mere presence of a 
solid will sometimes, without being itself changed, promote 
the union of two other bodies, one or both of them being 
gaseous, e.g. oxygen and hydrogen gases may be mixed in a 
glass vessel at any temperature short of redness Avithout 
combining ; but if a clear plate of platinum be introduced, 
even while the gases are cold, the portions of the gases in 
contact with it instantly unite : other portions then coming 
into contact with the metal enter into combination : the 
platinum becomes heated even to redness, but is otherwise 
unchanged, when the mixture will be kindled. Some other 
bodies, as metals, charcoal, and pounded glass, producing 
the same effect, favor the opinion that it depends on the 
adhesion of the gas to the solid ; but the fact that only 
platinum and a few similar metals produce this same effect 
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without the aid of heat shows that the platinum acts in 
gome other way. This conclusion is favored by the fact 
that if any carbonic oxide be present, it will prevent the 
union of the hydrogen and oxygen, until the whole of the 
carbonic oxide has united with an additional equivalent of 
oxygen ; although when by itself it unites with oxygen 
much more slowly than hydrogen does. 

54. XI. Catalysis (from xara, downwards, and Xuw, I 
unloose). This term has been proposed as the name of a 
modification of chemical affinity, by which a body causes 
the resolution of others, with which it is in contact, into 
new compounds without itself undergoing change. The 
existence of such a force has not been proved ; but it has 
been inferred, and the above term is used as a convenient 
title under which to arrange a large number of facts not 
readily accounted for. By boiling a solution of starch 
(C„ H 10 O l0 ) in water with an acid, the starch is made to 
unite with an equivalent of water and become gum 
(C 12 H u O n ) : by continuing the action, three more equiva- 
lents of water are united with it, and they are converted 
into grape sugar (C ia H H 14 ),* the acid in neither case being 
altered. The same change is effected in the starch of ger- 
minating seeds by diastase, a substance existing in them in 
a small quantity, the gum and grape sugar formed bemg 
dissolved constitute the sap. In like manner in fermenta- 
tion yeast converts sugar into carbonic acid (CO. ; ), and 
alcohol (C 4 He O,). Binoxide of hydrogen upon mere con- 
tact with various metals, e.g. manganese, silver, gold, and 
platinum, metallic oxides, e.g. oxide of silver and oxide of 
gold, or the organic matter, fibrine, evolves one-half oi its 
oxygen : with the exception of a few oxides these substances 
do not combine with the disengaged oxygen ; and some, e.g. 
* These expressions denote the composition of three different matters, 
C. indicating carbon, II. hydrogen, and 0. oxygen, and the figures the 
number of equivalents. 



100 ELEMENTS OF SOMATOLOGY. 

oxide of gold and oxide of silver, part with their own 
oxygen at the same time. Persulphuret of hydrogen is in 
like manner separated into sulphuretted hydrogen and 
sulphur by most of those bodies which decompose the bin- 
oxide of hydrogen. And spongy platinum, silver, oxide of 
silver, binoxide of manganese, and charcoal powder, acids 
and metallic salts, by mere contact decompose a solution of 
sulpho-nitrate of ammonia forming sulphate of oxide of am- 
monium and protoxide of nitrogen. 

XII. Light, heat, electricity, and magnetism. Each of 
these influence chemical affinity ; but can be more pro- 
fitably discussed in treatises on the respective subjects. 

55. Double Elective Affinity and Double Decomposition, 
— Two neutral salts may decompose each other; and in 
such cases the resulting compounds are always neutral, a 
consequence of the law of equivalents, e.g. solutions of 
nitrate of baryta and sulphate of potash being mixed, both 
salts are decomposed, and the neutral salts, sulphate of 
baryta and nitrate of potash, are formed: 54 parts of nitric 
acid, which neutralized 77 of baryta after decomposition, 
neutralize 48 of potash; and the 40 sulphuric acid which 
have neutralized 48 of potash, now neutralize 77 of baryta. 
Such decompositions are sometimes represented by a dia- 
gram ; thus the decomposition of carbonate of ammonia by 
hydrochlorate of lime is exhibited. 

Carbonic acid, \y Ammonia, 

Hydrochloric acid, /\ Lime. 

Now each of the acids having an affinity for each of 
the bases, it has been supposed that the decompositions 
depended upon the affinities causing the decompositions 
surpassing those tending to preserve the original com- 
pounds : the former have been called " divellent affinities," 
and the latter "quiescent." In the above example the 
affinity of carbonic add for ammonia, and that of hydro- 
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chloric acid for lime, are quiescent ; and those of carbonic 
acid for lime, and hydrochloric acid for ammonia, are di- 
vellent. In these cases, there being two salts decomposed, 
and, as it were, two solutions of base made by the acids, 
the name " double elective affinity," or " complex affinity," 
has been applied to the causes, and "double decompo- 
sition" to the effect. In these reactions there is a double 
substitution. Although they occur usually between two 
binary compounds or two simple salts, they are by no 
means confined to them, but sometimes occur among more 
complicated bodies, e.g. double salts; and the union of 
bodies is thus effected, which can be in no other way, e.g. 
sulphate of soda and sulphate of zinc, if dissolved together, 
will always crystallize apart; but if strong solutions of 
bisulphate of soda and sulphate of zinc be mixed, a double 
sulphate of soda and zinc is formed and crystallizes : the 
reaction may be thus represented — 

BEFORE DECOMPOSITION. -i f AFTER DECOMPOSITION. 



2 eq. Sulphuric acid, 1 eq. 

soda, and 1 eq. water. 
1 eq. Sulphuric acid, 1 eq. 

oxide of zinc, and 1 eiq. 

water. 



1 eq. Sulph. acid and 2 eq. 

water. 
1 eq. Sulphate of zinc and 1 

eq. sulphate of soda, 



the 1 eq. of sulphuric acid being left in solution. A dou- 
ble sulphate of soda and lime can be formed only in a 
similar way, viz. by mixing solutions of sulphate of soda 
and acetate of lime ; the sulphate of lime formed is precipi- 
tated and carries with it sulphate of soda. 

56. Complex Affinity, like simple affinity, is modified by 
circumstances, e.g. if the above decomposition of carbonate 
of ammonia by hydrochlorate of lime was owing merely 
to the strength of affinities, the carbonate of lime should 
never be decomposed by hydrochlorate of ammonia; yet 
if they be mixed together and heated they are decomposed, 
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the cavbonate of ammonia is formed and volatilized, leaving 
chloride of calcium, the volatility of the carbonate of ammo- 
nia favoring the decomposition. It is also modified by the 
insolubility of one of the compounds capable of being formed. 
It is a law without a known exception, that if an insoluble 
compound can be formed, decomposition will follow the 
mixing solutions of two salts. The decomposition of car- 
bonate of soda by nitrate of lime results entirely from the 
insolubility of carbonate of lime. The affinities are so nearly 
balanced in cases of double decomposition that no great 
evolution of heat attends them. Precipitation does not 
invariably attend double decomposition ; but such a result 
may be made apparent by a mere change of color. Sul- 
phuric acid is disengaged from sulphate of copper by 
hydrochloric acid, and chlorine is disengaged from chloride 
of sodium by sulphuric acid. Upon mixing solutions of 
sulphate of copper and chloride of sodium, the blue color 
of the former is changed to green, denoting that the above 
substitution of ingredient has taken place. At an early 
period in the history of modern chemistry reflection upon 
the phenomena of double decomposition led to the conclu- 
sion that they are not owing to the difference in the forces 
of affinities, but depend entirely upon the attending cir- 
cumstances ; that if two acids are presented at the same 
time to one base, they unite with it in quantities propor- 
tional to their quantities ; and that one comes into posses- 
sion of the whole base only by reason of these modifying 
causes, e.g. upon mixing eight equivalents of nitrate of 
potash with eight of sulphuric acid, the salt is but partially 
decomposed, and the products are, 4 sulphate of potash, 
4 nitrate of potash, 4 sulphuric acid, and 4 nitric acid. If 
now the 4 nitric acid be by any means, e.g. by heat, removed 
from the mixture, there is a further decomposition, the 
result being 6 sulphate of potash, 2 nitrate of potash, 2 sul- 
phuric acid, and 2 nitric acid. The continued application 
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of the heat volatilizes the nitric acid as it becomes free, and 
the sulphuric acid is finally present in so great quantity as 
to take all the potash to itself. So, according to these 
views, in decompositions attended by precipitation, this 
precipitation leads to the total decomposition. By adding 
baryta to sulphate of soda, the acid is divided between the 
bases in proportion to their quantities; but the sulphate of 
baryta is precipitated, and any additional baryta acts upon 
the sulphate of soda, and so on until the whole of the sul- 
phuric; acid is separated from the baryta. It has been con- 
tested that this opinion is inconsistent with certain facts. 
1. A solution of bibarate of soda is decomposed by sulphuric 
acid without any precipitation, w^hich is proved by the 
different shade of redness communicated to litmus paper 
by the solution after the addition of the acid, and by sul- 
phuric acid itself. 2. The tastes of fictitious mineral waters 
depend not only on the nature of the salts in them, but also 
on the order in which they are added. The more general 
opinion now is that in these waters the stronger acids are 
combined Avith the stronger bases. Recent researches, 
however, on a very extensive scale, rather favor the opinion 
that decompositions depend not upon the strength of affini- 
ties, but upon the attendant circumstances. 

REPULSION. 

57. Repulsion is the influence exerted by one body upon 
another, increasing the distance between them. Caloric is 
a frequent cause of this action. Electricity and magnetism 
likewise often produce this effect, e.g. two bodies free to 
move, and excited by the same kind of electricity, repel 
each other ; and the north poles of two magnets repel each 
other, as do two south poles. It has been also supposed 
that all matter is endowed with this property, needing only 
favorable circumstances to admit its exhibition; that a film 
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of repulsion covers the surface of all bodies, and prevents 
their absolute contact, even when apparently touching, 
thus preventing the coherence of all bodies, which would 
interfere with all common operations of nature. The terms 
repulsion and repulsive force have been applied to the sup- 
posed power, causing this effect. The existence of such a 
force is a question, the absolute settlement of which is at- 
tended by great difficulties ; yet it seems very doubtful 
whether there be any other film of repulsion than the ca- 
lorific and luminiferous ether pervading all space. Some 
very important effects are attributed to repulsion, e.g. mo- 
tion is said to be accelerated, retarded, or curved by repul- 
sion. Motion accelerated by repulsion is said to be exem- 
plified by the ball propelled by the explosion of gunpowder, 
which, in passing from the breech to the muzzle of a gun 
five or six feet long, acquires sufficient velocity to resist the 
action of gravitation during an ascent of a mile or more. 
That an ivory ball falling against a slab of marble does not 
stop at the moment of contact, is evident from this fact : if 
the surface upon which it falls be wet, a considerable space 
on both around the point of contact will be dry ; the same 
effect following in vacuo shows that it is independent of the 
air passing out between the two surfaces, but is produced 
by the particles being compressed ; while this compression 
progresses, the onward motion of the ball is retarded, and 
finally overcome so as to be reversed. Motion is curved by 
repulsion, it is said, in the following manner: if a ball of 
ivory fall upon a marble slab in an oblique direction, its mo- 
tion is overcome and reversed, as already stated. The 
oblique direction is resultant of two forces : the propelling 
power which gives an onward motion, and gravitation which 
gives a downward direction ; this last being overcome by 
the marble. The repulsion between the ball and marble 
imparts to the ball an upward motion, but its onward mo- 
tion not being affected by the marble, the ball passes in the 
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direction resultant of the upward and onward, i.e. in a di- 
rection in the same angle with, but on the other side of, a 
line perpendicular to the slab as that in which it descended. 
Without insisting upon the opinion that these effects may 
be the result of other causes than repulsion as an indepen- 
dent property of matter, we proceed to consider some phe- 
nomena which are adduced as proofs of an original repul- 
sion ; some of which are as probably the effect of other 
causes ; and others manifestly depend upon other general 
properties of matter. A glass ball or watch glass being 
placed with its convex surface upon a plane surface of glass, 
they cannot be brought into absolute contact even by a 
pressure of 1,000 lbs. to the square inch ; but this, instead 
of being an evidence of repulsion, being a general property 
of matter, may as likely result from the superior energy of 
cohesion in the different bodies. The same is, doubtless, 
the cause of the impossibility of reuniting broken glass, 
stone, or porcelain, by simply pressing the parts together 
in their former relative positions as far as possible, which 
has been adduced as a proof of repulsion. A body moving 
against a spring, or a quantity of confined air, is retarded, 
not by repulsion as a primary quality of the spring or air, 
but by their elasticities. In experiments in capillarity if 
liquids not capable of adhering to the solid be used, e.g. 
mercury and glass, the surface is depressed, being, it is said, 
repelled ; but this may be owing to the 
particles of the liquid having a greater 
attraction for each other than for the 
solid, together with the contractible 
force at the surface being exerted under 
circumstances calculated to render the 
surface convex. If the glass be tubular, 
and all air be expelled from it by boiling 
the mercury in it, the depression will be 
greater as the size of the tube is less. If the tube be coni- 

5* 
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cal and contain a limited quantity of mercury, both extre- 
mities of the liquid will he convex, and the tension of that 
towards the narrower part of the tube being greater than 
the other, the mass will move towards the larger part of 
the tube. Such facts have been considered as proving the 

existence of repulsion 

Fig. 81. . l 

as a primary general 
property of matter; 
and the advocates of this opinion assert that glass always 
repels and never attracts mercury, but very minute parti- 
cles of mercury do adhere slightly to glass ; and that glass 
attracts mercury appears from an observation made in 
1672, and repeatedly confirmed, viz. a barometer tube 
being thoroughly cleansed by alcohol, filled with mercury, 
and freed of air, upon carefully turning it and immersing 
its open end in mercury, the whole column will remain 
suspended, and require several slight taps to bring it to 
the existing barometrical level. If two balls, one of which 
Fi o- 32 - can be moistened by water, and 

the other cannot, e.g. balls of 
cork and wax, be brought with- 
in capillary distance upon a surface of water, the former 
will elevate water upon its side, the more distant surface 
of the elevated water being inclined, and the other ball not 
adhering, an apparent repulsion takes place. 

POLARITY. 

58. Polarity is that property of matter which causes 
bodies to assume certain positions, and in most cases to 
exhibit peculiar properties at certain points called " poles." 
It is thought that in all cases of polarization opposite kinds 
of polarity are excited ; and the visible phenomena result 
from this double excitement. Loadstone attracts iron at 
certain points on its surface called r>oles. These poles 
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nibbed on steel impart to it the same property, which is 
greater near the extremities. If this steel be then sus- 
pended so as to be free to move, the extremities will point 
one uniformly nearly north, and the other equally south : 
these extremities are therefore called " poles ;" which term 
has hence come to be more extensively used. The whole 
piece of steel is called a " magnet." Similar poles repel and 
dissimilar attract each other. If a magnet be broken into 
several pieces, each will be found to be a magnet. The 
whole magnet is therefore considered as made up of a num- 
ber of smaller magnets : the middle of the mass of steel 
does not attract iron because the opposite kind of poles 
there to some extent neutralize each other. 

59. Bodies electrically excited exhibit analogous pheno- 
mena ; similarly electrified bodies repelling, and dissimilarly 
electrified attracting each other. Bodies near to, but not 
in contact with, an electrified body have their parts nearest 
it brought to an opposite state of electricity, and the further 
sides to the same state with the electrified one. In the 
voltaic pile there appears to be a current of action from the 
metal most acted on to the other, through the intervening 
material, and by the conductor back to the former. The 
two extremities of the pile, or of conductors connected with 
them, are called its " poles," as it is at them that the action 
becomes apparent. 

60. Perfectly formed crystals exhibit a regularity of 
form, which is not confined to their exterior ; but is found 
to pervade their whole structure ; showing that in the for- 
mation of the crystals their particles did not approach each 
other indiscriminately, but were influenced by a force which 
induced them to take certain positions in preference to 
others. A quantity of water may hold finely divided solid 
matter in a state of suspension and matter in solution, this 
having entirely lost its solid form : if the vessel be kept 
perfectly still the former will in time be deposited uniformly 
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on the whole bottom, perhaps in layers 'f the particles differ 
in weight ; the latter will also be deposited, but more slowly 
and differently from the former; it will be accumulated 
regularly about certain points which exert a controlling in- 
fluence over the particles, causing them to unite by certain 
faces in preference to others, upon lines bearing certain 
relations to these points, the result being the formation of 
regular geometrical figures, called crystals. The points 
referred to have been compared to the poles of a magnet ; 
and there are strong reasons for supposing that the whole 
action is connected with the magnetism of the earth. 

61. Chemical affinity is considered by many as depending 
on a kind of polarity of the molecules, as may be illustrated 
by an example. Zinc and hydrochloric acid are considered 
as polarizable, but their polarities are manifested only when 
they are brought in contact. One atom of hydrochloric acid 
may be considered as a polarizable molecule, and two atoms 
of zinc as constituting another : when a quantity of each 
is brought hi contact they may be considered as con- 
stituting two trains of molecules, one of acid and the other 
of zinc. Of the acid train the molecule in contact with the 
zinc has the polarity, which is called " chlorous," excited in 
it, and, the particles being free to move, the chlorine takes 
position next the zinc, while the hydrogen having become 
polarized with the zincous polarity excites the contrary 
polarity in the chlorine of the next molecule, and so on : at 
the same time one of the atoms of the zinc molecule next 
the acid acquiring the zincous polarity, the other becomes 
chlorous, and renders one in the next molecule zincous, the 
other becoming chlorous acts in the same manner upon a 
third molecule, etc. These polarities having acquired a 
certain degree of force, the atom of chlorine is dis- 
engaged from that of hydrogen and unites with the 
opposite one of zinc, forming chloride of zinc, which 
passes from the field of action : the hydrogen also passing 
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off as a gas, fresh molecules of acid and metal act in the 
same way. 



ELASTICITY. 

62. Elasticity is that property of matter hy which it 
resumes its primitive condition upon the removal of any 
extraneous force, which may have changed its form or dimen- 
sions. All bodies are elastic, that is to say, they can, with- 
out being disaggregated, suffer a change of form and 
volume and resume exactly their primitive condition upon 
being released, provided their molecules do not suffer too 
great derangement of aggregation. Bodies vary greatly in 
elasticity as compared with each other : thus balls of ivory 
are more elastic than balls of lead, for they recover from 
greater compression : plates of steel than plates of glass, 
for they can be bent much further and recover their posi- 
tion : threads of silk than of silver or copper, for they can 
be twisted much more : cords of a violin than iron wire, 
for they can be drawn out much more and return to their 
primitive length. A sheet of paper or of lead is not desti- 
tute of elasticity ; for either can be bent slightly without 
breaking or ceasing to resume its position; but if they be 
bent too tar their elasticities are forced, and they make no 
effort to return. This property varying greatly in extent 
and perfection in different bodies, they are divided into 
elastic and inelastic, or into perfectly and imperfectly elas- 
tic. A perfectly elastic body is one that resumes its origi- 
nal dimensions immediately upon the removal of, and with 
an energy equal to that of, the disturbing force: within 
certain limits perhaps all bodies may be said to be perfectly 
elastic. India rubber is extensively but imperfectly elastic, 
for if long heated or often or much stretched it becomes 
permanently elongated. Glass is perfectly elastic but only 
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to a small extent, for it retains no permanent bend ; and 
will not bend far without breaking unless in very thin 
pieces or fine threads. The exercise of elasticity is always 
consequent to a disturbance of molecular equilibrium. Elas- 
ticity may be considered as occurring in gases, liquids and 
solids, and, in reference to the occasion of its exercise, as 
of compression, traction, bending and torsion. 

63. Elasticity of Gases. The only elasticity exhibited 
by gases is that of compression ; their volume, at any given 
temperature, always depending on the pressure to which 
they are subjected. Airs are perfectly elastic: thus air 
entirely filling a vessel being compressed into half its bulk 
will, immediately upon removing the pressure, reoccupy the 
whole vessel. The extent of their elasticity is much greater 
than that of liquids or solids. This elasticity may be illus- 
trated by a variety of experiments. Baked apples or 
shrivelled fruit, e.g. raisins whose skins are entire being 
under the receiver of an air pump, upon exhausting it, the 
air in their pulps will expand and impart an appearance of 
plumpness to them. Hot water half filling a vessel placed 
in the same situation will, upon exhausting the receiver, 
appear to boil rapidly, owing, in part, to the escape of air. 
A quantity of air being forced by a condensing syringe 
into a closed vessel through a tube terminating under water 
which partially fills the vessel, if a stop-cock attached to 
the upper part of the tube be closed and a jet put into the 
Fig. 33. place of the syringe, upon opening the 

stop-cock the elasticity of the confined 
air will drive out the water to a distance 
proportioned to the compression of the 
air. A glass globe being blown to such 
thinness as to be but a little heavier than 
water, and having a small orifice at what 
is its lower part when swimming in water, 
being filled with water except a small space 
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occupied by air, being placed in water will sink : the 
whole being now placed under the receiver of an air- 
pump, upon exhausting this the pressure being removed 
from the surface of the water is likewise removed from 
the air in the globe, which, owing to its elasticity, 
expands and drives the water out of the globe, which 
with its contents become lighter than water and rise. This 
experiment may be so modified as to dispense F . ^ 
with the use of the air-pump: the quantity ^.— « — ^ 
of air in the globe being accurately adjusted, V — rr £ 
so that it will swim, and the outer vessel 
being but partially filled with water, its ori- 
fice is closed with a piece of India rubber U==--= 
whose external surface is convex : by pressing 
upon this with the palm of the hand the air 
within the globe is compressed and water ^PQ 
entering, the globe sinks ; upon removing the jj 
hand the air expands and the globe rises. If W^ 
the atmospheric pressure be removed from a ^^^-^ 
glass phial, with flattened sides, made very thin, and having 
its orifice tightly closed, the elasticity of the air within will 
rupture the sides, sometimes breaking the whole vessel 
into small fragments. 

The utility of bellows depends upon the elasticity of air. 
The common bellows being constructed of two pieces of 
board connected by a pliable material between ; the lower 
board has a valve which opens when the boards are sepa- 
rated, and air is then admitted, but cannot return that way, 
as the valve closes on bringing the boards together, the 
air is then driven through the tube. The double bellows 
used by blacksmiths and others differs from that just 
described in being separated into two apartments by a 
middle board furnished with a valve opening upward; 
while the partition is fixed, the lower board is elevated 
by a coid and descends by its own weight ; as it de- 
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scends air enters through its valve, and being compressed 
by the rise of the board, passes to the upper apartment, 
elevating the top ; this top, in its descent, which may be 
aided by additional weights, forces out the air through the 
pipe. 

If a barometer tube be partly filled with mercury, leaving 
an inch or two containing air, a finger being placed on the 
open end so as to confine the contents, upon inverting it 
into a vessel of sufficient depth filled with mercury : upon 
removing the finger and pressing the tube down till the 
mercury stands at the same level within and without, the 
air within will be under the pressure of one atmosphere : if 
.t be now raised till the air be doubled in bulk, the mercury 
will be found to be raised half as high as in the barometer. 
This column resists half the pressure of the atmosphere, and 
the confined air is to that extent relieved. The tube being 
raised till the volume of air is tripled, the mercury will 
attain to but two-thirds the barometer height, and will sus- 
tain that proportion of the atmospheric pressure, while the 
air sustains but one-third. 

Vapors form immediately in vacuo, but more slowly under 
ordinary circumstances, the formation being then resisted 
by the elastic force of the air, to which resistance is added 
that of every successive portion of vapor formed. The 
elasticity of different vapors is different, and may be mea- 
sured by the degree to which the mercury in a barometer 
is depressed by the introduction of a few drops of the liquid, 
this depression being due to the formation of vapor. The 
greater the volatility of a liquid, the greater is the elasticity 
of its vapor. Thus the elasticities of the vapors of water 
alcohol, and ether, are as 1, 1*9 and 20. The elasticity of all 
vapors is increased with the temperature, as may be shown 
by placing a heated ring around the part of a barometer 
into which a liquid has been introduced: in every case, at 
the boiling point of* the liquid, it equals the pressure of the 
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atmosphere. Hence, whenever it is required to determine 
the volume of a gas, it should be done at a given tem- 
perature, or calculation should be made from that at which 
the measure is taken. Experiments of the kind that have 
been here considered have led to the general conclusion 
known under the name of Mariotte's law, viz. The Fi 35 
volumes of elastic fluids are in the inverse ratio of 
the weights by which they are compressed. This 
law has been experimentally found applicable to 
air without variation, to the extent of 27 atmo- 
spheres. A justifiable inference from this is, that 
the densities of gases are proportional to the pres- 
sures to which they are subjected. Thus, being 
under the pressure of 700 atmospheres, air would 
be as dense as water. Many gases formerly con- (JT) 
sidered permanently elastic, have been reduced ^^ 
to the liquid state; and it has been thought that all 
could be brought to the same condition if sufficient pres- 
sure and reduction of temperature could be commanded. 
Those which have not been condensed have been found 
to be subject to the above law to the extent of a hun- 
dred atmospheres' pressure. In those which are capable 
of assuming the liquid form, a deviation from the law 
is very marked as they approach the point of liquefac- 
tion ; and in some it has been observed almost from the 
beginning of the compression. It has also been conjec- 
tured that the law would fail in cases of extreme rare- 
faction. 

64. Elasticity of Liquids. — Liquids are perfectly elastic, 
but to only a small extent. Like gases, they exhibit only 
the elasticity of compression. To compression they offer 
far greater resistance than gases do. The experiments 
proving their compressibility likewise manifest their elas- 
ticity, for upon removing the compressing force they recover 
their original bulk. It is also exhibited by their being 
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scattered in drops when falling from a height upon a smooth 
surface, solid or liquid. 

65. Elasticity of Solids. — Several examples have already 
been given of elasticity in solids ; in this class of bodies, 
however, it is far less perfect than in liquids or gases. 
Elasticity of solids may be considered in reference to the 
manner in which their molecular equilibrium is disturbed, 
as already indicated, viz. the elasticities of compression, 
traction, bending, and torsion. 

I. Elasticity of Compression. — The experiment of the 
ivory ball falling upon a marble table, adduced as an evi- 
dence of repulsion, may perhaps be more accurately con- 
sidered as an example of elasticity of compression, the 
rebounding of the ball being probably only the conse- 
quence of the elasticities of the ball and table. The ball is 
thought to be some moments in recovering permanently its 
globular figure, being ellipsoidal, with its horizontal and 
vertical diameters alternately longer. The cork of a bottle 
sunk in the sea having recovered its position after being 
compressed sufficiently to allow the salt water to flow into 
the bottle, is evidence of its elasticity; but its not recover- 
ing its original bulk when the pressure has exceeded a cer- 
tain limit, shows that its molecules have been brought into 
a different range of elasticity. Malleability is connected 
with, and to some extent opposed to elasticity of compres- 
sion. Brittle metals being hammered, their cohesion is so 
far overcome that they fly to pieces ; those which are 
malleable, however, are not so separated, but by that means, 
or by being passed between rollers, their molecules are 
brought into different ranges of elasticity ; their hardness 
and brittleness are sometimes increased, and if to a great 
extent they tear, when they are said to be hammer-hardened. 
Steel is tempered by plunging it when heated into cold 
water, by which its surface is cooled and hardened, in con- 
sequence of which the parts within are in a constrained 
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state, and have a strong tendency to change their positions, 
which renders the mass quite brittle. Prince Rupert's 
drops are made by allowing drops of melted glass to fall 
into cold water ; they have somewhat the shape of a tear, 
with a prolongation called the tail ; the outer crust being 
suddenly contracted, compresses the parts within, whose 
elasticity forces the whole mass asunder with noise on the 
surface being scratched or the tail being broken. The 
utility of elliptical springs of carriages, and of similar con- 
trivances, depends on the elasticity of compression. 

66. II. Elasticity of Traction. — As would naturally be 
expected, it is found by experiment that during extension 
of wires, rods, or bars, the diameter perpendicular to the 
axis is diminished as the length is increased, but not to the 
same extent. If they have not been stretched beyond cer- 
tain limits they resume their original size when the stretching 
force is removed; if, however, those limits be exceeded, they 
are found to be permanently increased in length, and dimi- 
nished in thickness, their molecules taking a different range 
of elasticity. If the force applied be very great they will 
be broken, either abruptly through their whole thickness 
or by slowly becoming thinner and thinner. That very flexi- 
ble wires are perfectly elastic within certain limits, and that 
they are elongated in proportion to the force applied, may 
be shown by two vises placed horizontally, in one of which is 
securely fastened one end of the wire, which is extended by 
a weight through the other vise till it is rendered straight; 
that vise is now closed upon it. The length of the wire 
between the two vices, and the height of its middle from 
the support, being now accurately determined, a scale is sus- 
pended from that point, and weights, the force to be 
applied, are placed in the scale, and the distance which the 
same point of the wire descends is carefully ascertained. 
(Fig 36.) From these data, the extension which the wire 
has suffered is calculated by rules of trigonometry. The 
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elasticity of large rods or bars can be determined in the 
6ame way, by placing their ends on firm supports and 
applying weights exactly upon the middle ; or if they 
be strong and firm a different method can be adopted. 
They are placed vertically, being fixed at their upper end 
and the weight applied at the lower. The elongations are 

Fig. 86. 




found in either way to be proportionate to the force of 
traction ; the extent, however, depends upon the nature of 
the material; and, upon removing the force, contraction 
occurs equal to the elongation, unless the limit of elasticity 
be surpassed. Elasticity of stretching has the same relation 
to ductility that elasticity of compression has to mallea- 
bility. The tendency of liquids to force asunder vessels 
containing them is capable of being understood by viewing 
each section as a flexible ring, all of whose points are 
pressed from within outwards : the force of pressure becom- 
ing tangental tends to stretch, and then to break the ring, 
as though it were straight and the force acted in the direc- 
tion of its length. 

67. III. Elasticity of Bending.— Bodies capable of be- 
ing bent exhibit more or less elasticity : in some it is mani- 
fested as a great force. In bending, the particles on the 
convex side of the curve are in a state of extension, while 
those on the concave side are in one of compression ; and 
both co-operate to resist the bending, and to overcome it 
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when the force is removed. The elasticity of wood is well 
illustrated in the cross-bow. It is great, but not perfect ; for 
if long continued the bend becomes permanent. Mica affords 
a good example of a mineral possessed of this kind of 
elasticity. In glass it is very slight, for much bending 
breaks it. 

68. IV. Elasticity of Torsion is that force by which a 
wire or thread which has been twisted tends to return to 
its natural position. It may be exhibited by means of a ver- 
tical thread, secured by its upper end, and supporting a ring 
firmly attached to a large 
cylinder of lead or casting, 
whose axis corresponds to 
the vertical diameter of the 
ring. The application of 
weights to the cylinder will 
cause the untwisting of the 
thread, which after repeated 
oscillations comes to rest. 
(Fig. 37.) With such an 
instrument the following 
generalizations have been 
established : 1st. A thread 
charged with different 
weights is generally ar- 
rested at different positions 
of stability. The variation 
can extend to a semi-cir- 
cumference, or even to cir- 
cumference. The same is 
true of a collection of 



^ 



threads. A magnetic needle being suspended by a silk 
ribbon the application of greater or less weight would 
affect its diurnal variations. 2d. The oscillations are iso- 
chronous, whatever may be their amplitudes, unless these 
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surpass certain limits, depending on the nature and length 
of the thread, which limit is often a semi-circumference, or 
even a circumference. This is established by arranging, as 
above, a thread, and placing on the cylinder a weight suf- 
ficient to straighten, but not to elongate the thread, and 
when the equilibrium is well established, turning the cylin- 
der 50, 100, or 180 degrees without changing the axis, and 
letting it oscillate. The oscillations are counted by means 
of a mark or index attached to the cylinder ; and the time 
is measured by a good second-hand watch. A corollary 
from this is that the force of tension is proportioned to the 
angle of tension. 3d. The times of the oscillations are 
to each other as the square roots of the weights which 
stretch the threads. The truth of this law can be exactly 
established only where the threads have sufficient flexibility 
to be straightened by a feeble weight, and yet too much 
tenacity to be lengthened by a considerable one. This law 
holds good only while the force of torsion of a thread 
remains the same under the different weights which stretch 
it. 4. The times of oscillation are as the square roots of 
the lengths of the threads. The time of oscillation increas- 
ing with the length of the thread, the force of torsion evi- 
dently must diminish. 5th. The times of oscillation are 
inversely as the squares of the diameters of the threads. 
The forces of torsion are as the fourth powers of the dia- 
meters of the threads. The knowledge of elasticity of tor- 
sion has been applied to determine, by means of the torsion 
balance, certain fundamental laws of electricity and magnet- 
ism, and by means of a small silver thread the density and 
total weight of the earth. 
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). In reference to the constitution of matter, very differ- 
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cnt hypotheses have been advanced, some of which may 
be here noticed. 

I. The Atomic. — According to this hypothesis, matter is 
formed of extremely minnte particles called atoms, differ- 
ing in form and nature, and having rectilinear motion, 
which causes some that are homogeneous to unite, while 
the others continue diffused through space. An extensively 
received modification of this hypothesis views the ultimate 
atoms as points beyond our research, which, under the influ- 
ence of the so-called imponderable forces, unite to form 
molecules, which again unite to form particles, the smallest 
portions into which matter can be mechanically divided. 

II. The Dynamic. — This hypothesis views matter as ori- 
ginated by two antagonistic principles, attraction and re- 
pulsion, and refers all that may be affirmed of matter to 
motion. Most modern physicists, uniting these hypotheses, 
consider the Deity as the origin or first cause of atoms, and 
innate attractive and repulsive forces as a condition neces- 
sary to their uniting into bodies. By some repulsion is con- 
sidered, with appearance of great probability, as dependent 
upon heat, an atmosphere of which is supposed to permeate 
all space and all masses of matter, surrounding all the atoms, 
thus preventing their ever coming into absolute contact. 

III. Which may be called the Potential. — According to 
this view, the atoms, instead of being dead particles, are 
extensions of forces from centres or mathematical points 
throughout all space, being tied together, however remote 
they may be, by lines of mutual force, all gravitating, bear- 
ing electrical relations to each other, being elastic, expansi- 
ble on change of temperature, suffering repulsion on becom- 
ing o-aseous, being bipolar or multipolar, and interpenetrat- 
in«- and losing their proper characteristics on chemical com- 
bination just as masses do, being present chemically and 
mechanically within certain small limits, and everywhere 
beyond those limits gravitantly and electrically, thus con- 
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stituting the ether, by whose undulations light and heat are 
propagated, with the lines in which they are exerted, occu- 
pying all space to the exclusion of everything else. This 
hypothesis entirely denies the materiality of matter. 
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" white of, 74, 77, 79. 
Elasticity, 95, 105, 109. 
Electricity, 100, 103, 107. 
Elective affinity, 92. 
Elementary bodies, 88. 
Endosmometer, 75. 



Endosmose, 75. 
Equivalent, 90. 
Ether, 28, 35, 63, 87, 92. 

" hydrochloric, 36. 

" sulphuric, 36. 
Euchloriue gas, 92. 
Exhalation, 84. 
Exosmose, 80. 
Extension, 18. 

Pats, 59-63. 

Fibrine, 29. 

Figure, 22. 

Fluids, animal, 76. 

Force, 48, 50. 

Frogs, 30, 77. 

Fulminating powders, 98. 

Gases, 27, 32, 63, 110. 

Gelatine, 76, 84. 

Gills, 29. 

Glass, 27, 56 to 64, 98, 105, 106, 109. 

Glue, 60. 

Gold, 23, 25, 27, 59. 

" oxide, 99. 
Gravitation, 43, 53. 
Gravity, 51. 

" centre of, 56. 
Gum, 63, 74, 79, 81, 99. 

Hydrobromic acid, 93. 
Hydrochloric acid, 64, 76, 83, 92, 95, 

102, 108. 
Hydriodic acid, 93. 
Hydrogen, 28, 64, 65, 85, 92, 93, 96, 

99. 
Hydrogen, binoxide, 97, 99. 
" per sulphuret, 100. 
Hydrogenated, 63. 
Hydrophane, 27. 
Hyponitric acid, 92. 
Hypothesis, 14. 

Ice, 35. 

Imbibition, 73. 
Impenetrability, 20. 
Indestructibility, 25. 
India rubber, 35, 109. 
Inertia, 47. 

Intercellular liquid, 82. 
Intestinal coats, 29. 
Iodide of potassium, 24. 
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Iodine, 23, 01. 

Iron, 35, 56, G4, 91, 94, 96, 97, 10G, 

109. 
Iron, chloride, 30. 

" nitrate, 95. 
" oxide, 04. 
Ivory ball, 104, 109, 114. 

Law, 18. 

Lead, 35, 57, G3, 94, 109. 

" amalgam, 43. 
Leaves, 28. 
Light, 100. 
Life, science of, 11. 
Lime, 23, 60, 92, 96. 

" acetate, 101. 

" carbonate, 94, 95. 

" hydrochlorate, 100, 101. 

" nitrate, 102. 
Limestone, GO. 
Lips of vessels, use, 59. 
Liquids, 27, 31, 35, 57-65, 86, 87, 

94, 113, 116, 
Load stone, 56, 106. 
Lungs, 29, 85. 

Magnesia, 93. 
Magnesium, chloride, 92. 
Magnet, 56, 107. 
Magnetism, 100, 103. 
Magnitude, 18. 
Manganese, binoxide, 100. 
Marble, 104, 114. 
Mathematics, 12. 
Mailer, 9. 
Measures, 18, 35. 
Mechanical action, 98. 
Medals, 31. 

Membranes, 76, 79, &c. 
Menstruum, 29. 

Mercury, 28, 31, 35, 36, 58, 59, 61- 
. 63, 65, ss. 91, 94, 105. 
Metaphysics, 9. 
Metals, 27, 31, 35, 59, 62, 98. 
Mica. 117. 
Mind. '.). 
Mobility, 36. 
Molecules, 119. 
Mollusca,82. 
Momentum, 40. 
Morphia, hydrochlorate, 83. 



Mortar, 60. 
Motion, 36, 
Nascent state, 96. 
Nature, 9. 

" investigation of, 12. 
Natural history, 10. 

" philosophy, 10. 
Nitrates, 62. 
Nitric acid, 76, 92, 95. 
Nitrogen, 92, 96. 

" binoxide, 92. 
Nucleus, 82. 

Oak bark, 91. 
Observation, 9, 12. 
Odorous, matters, 24. 
Oils, 35, 63, 65, 72, 74, 92. 

" castor, 87. 

" essential, G3. 
Oil, olive, 31, 35, &c. 

" of vitriol, 89. 

" of turpentine, 36, 59, 60. 

" whale, 36. 
Olefiant gas, 92. 
Organic, G3, 73, 96. 
Organized bodies, 11, 25. 
Osmose, 75. 
Osmotic force, 85. 
Ovaries, 82. 
Ovules, 82. 

Paper, 30, 73, 109. 
Particles, 119. 
Petals, 28. 
Phenomena, 10, 12. 
Phosphoric acid, 90, 97. 
Phosphorus, 89, 92, 98. 
Physical science, 10. 
Pith, 28. 

Platina, 23, 64, 97-99. 
Polarity, 106. 
Poles, 106. 
Porcelain, 60, 105 
Porosity, 26. 
Porous, 30, 36. 
Potash, 88, 91, 97. 

" acetate, 95. 

" carbonate, 95. 

" chlorate, 98. 

" nitrate, 102. 

" sulphate, 100. 
Potassium, 89. 
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Potassium, ferrocyanide, 30. 

" iodide, 24. 
Power, 49. 
Precipitate, 59. 
Pyrometers, 36. 

Quantity of matter, 97. 

Seasoning, rules of, 16. 
Repulsion, 103, 119. 
Resin, 56, 63. 
Resistance, 47. 
Rest, 37. 
Rocks, 61. 
Rupert's drops, 115. 

Saline solutions, 74. 

Salt, 61, 75, 81. 

Salts, 62, 100. 

Sand, 73. 

Saps, 99. 

Saw dust, 73. 

Secretions, 84. 

Seidlitz water, 82. 

Serum, 73, 74, 82. 

Silicic acid, 96, 97. 

Silk worm thread, 24. 

Silver, 35, 64, 89, 97, 100, 109, 118. 

" ammon. hyposulph., 23. 

" nitrate, 93. 

" oxide, 100. 
Simple bodies, 88. 
Size, 18. 
Skin, 77-81. 
Slate, 76. 
Snow, 91. 

Soap bubble, 24, 69. 
Soda, 93, 97. 

" biborate, 103. 

" bicarbonate, 89. 

" carbonate, 74, 102. 

" phosphates, 97. 

" and zinc sulphate, 101. 

" bisulphate, 101. 

" sulphate, 62, 82, 89, 101,103. 
Sodium chloride, 74, 82, 102. 
Solids, 35, 98, 114. 
Solution, 61, 90. 
Solvents, 61. 
Somatology, 16. 
Space, 18. 
Spider's web, 24. 



Spirits of wine, 31. 

Sponge, 27, 30, 33. 

Springs, 115. 

Starch, 24, 74, 99. 

Steel, 59, 107, 114. 

Steam, 96. 

Stone, 31, 105. 

Strainer, 73. 

Strontia, 93. 

Stucco, 66. 

Substitution, 96. 

Sugar, 27, 61, 73, 76, 77, 79, 81, 99. 

Sulphur, 35, 88, 92, 93. 

Sulphuretted hydrogen, 76, 93. 

Sulphuric acid, 27, 70, 76, 83, 90- 

95, 97, 102, 103. 
Sulphurous acid, 64, 92. 
Synthesis, 88. 

Tallow, 35. 
Tartar, salt of, 89. 
Tartaric acid, 89. 
Temperature, 94. 
Tendou, 73. 
Theory, 14. 
Thermometer, 36. 
Time, 39. 
Torsion, 117. 
Traction, 115. 

Vapors, 28, 112. 

Vegetable substances, 11, 28. 

Veins, 83. 

Velocity, 40. 

Vermilion, 84. 

Voltaic pile, 107. 

Volume, 18. 

Water, 21-25, 27, 29, 32, &c. 

" mineral, 103. 

" salt, 25. 

" sea, 31. 
Wax, 59, 106. 
Weight, 55. 
Wire, 16, 66. 
Wood, 22, 27,30, 31, 59-61, 66, 117. 

Yeast, 99. 



Zinc, 93, 97, 108. 
" sulphate, 101. 
" " of soda, &c, 



101. 



Valuable Scientific Works 

PUBLISHED BY 

JOHN" WILEY, 56 WALKEK ST. 

» « 

BURGESS, N. G. THE PHOTOGRAPH ANL> AMBROTTPE MANUAL. 
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and Glass, &c. 1 vol. 18mo. Cloth. $1 00. 

PAIRBAIRN (WM.) C.E., E.R.S, ETC. ON THE APPLICATION OP 

CAST AND WROUGHT IRON TO BUILDING PURPOSES. 
1 vol. 8vo. Numerous cuts. Cloth. $2 00. 
"No engineer can do without this book." — Scientific American. 

HAND BOOK OP YOUNG ARTISTS AND AMATEURS IN OIL 

PAINTING; 
Being chiefly a condensed compilation from the celebrated Manual of Bouvier, and 
other distinguished Continental Writers on the Art. Adapted for a Text-Book, as well 
as for Self- Instruction. Appended — a new Explanatory and Critical Vocabulary. By 
un American Artist. 12mo. Cloth. $125. 

HATP1ELD (R. G.). THE AMERICAN HOUSE CARPENTER. 
A Treatise upon Architecture, Cornices, and Mouldings, Framing, Doors, Windows, and 
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LESLEY (J. P.). THE IRON MANUFACTURER'S GUIDE, 
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REID'S VENTILATION IN AMERICAN DWELLINGS. 
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David Boswell Beid, M.D., F.R.S.E., formerly Director of the Ventilation at the Houses 
of Parliament, London, etc., etc To which is added an Introductory Outline of the 
Progress of Improvement in Ventilation. By Elisha Harris, M.D., late Physician in 
Chief of the N. Y. Quarantine Hospitals, etc., etc. 1 vol. 8vo., containing about 100 
diagrams col. and plain. $2 00. 

" We know of no book where in so brief a space, the best means of airing, warming, 
and lighting buildings are so clearly set forth, as in that we have just described." — Cin- 
cinnati Gazette. 

SMITH (LIEUT. R. S.). A MANUAL OP TOPOGRAPHICAL DRAWING. 
By Lieut. K. S. Smith, U. 8. Army, Professor of Drawing in the U. S. Military Academy. 
AV est Point. 1 vol. 8vo., plates, cloth. $150. 

" We regard the work as a choice addition to the library of science and art, and one 
that has long been needed by the Professor." — B. R. Journal. 

SMITH (LIEUT. R. S.). MANUAL OP LINEAR PERSPECTIVE. 
Perspective of Form, Shade, Shadow and Reflection. 1 vol. 8vo. Plates. $1 50. 

" We do not remember to have seen a more complete and popular treatise on the sub- 
ject." — Ii. II. Journal. 

SMEE. ELEMENTS OF ELECTRO-METALLURGY. 
Revised, corrected, and considerably enlarged. Illustrated with Electrotypes and 
numerous wood-cuts. 1 vol. 12mo. $1 25. 

WEISSENBORN(G.) AMERICAN ENGINEERING. 
Illustrated by large and detached Engravings, embracing various branches of Mechanical 
Art, Btationa.-y, Marine, and Locomotive Engines, Manufacturing Machinery, Printing 
Presses, Tools, Grist, Steam, Saw, and Rolling Mills, Iron Buildings, &c, of the newest 
and most approved construction. To be issued in numbers. Price per No. $1 00. 
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1.— MODERN PAINTERS. VOL. I— GENERAL PRINCIPLES OF ART, 
And Truth as an Essential Element. $1 25. 

" A very extraordinary and delightful book, full of truth and goodness, of power and 
beauty." — North British Review. 

VOL. II— TRUE IDEAS OF BEAUTY. 

Price, 68 cents,. 

" Mr. Buskin's work will send the painter more than ever to the study of nature ; will 
train men who have always been delighted spectators of nature, to be also attentive 
observers. Our critics will learn to admire, and mere admirers will learn how to criti- 
cise ; thus a public will be educated." — Blackwood 's Magazine 



VOL. III.— STYLE, FINISH, LANDSCAPE, ETC. ; 



With cuts and eighteen illustrations, drawn by the author. $2 50. 

"This book may be taken up with equal pleasure whether tho reader be acquainted or 
not with the previous volumes, and no special artistic culture is necessary in order to 
enjoy its excellences or profit by its suggestions." — Westminster Review. 

VOL. IV— MOUNTAIN BEAUTY. 



With numerous cuts. $1 25. 

• 2.— THE SEVEN LAMPS OF ARCHITECTURE. 
1 vol. With Fourteen Etchings, by the author. $1 25. 

"The politician, the moralist, the divine, will find in it ample store of instructive 
matter, as well as the artist." — Examiner. 

3.— THE STONES OF VENICE. 

The Foundations. 1 vol. Illustrated by numerous wood-cuts from Drawings bv the 
author. $2 00. J 

"No one who has visited Venice can read this book without having a richer glow 
thrown over his remembrances of that city, and for those who have not, Mr. Euskin 
paints it with a firmness of outline and vividness of colouring that will bring it before 
the imagination with the force of reality." — Literary Gazette. 

4.— PRE-RAPHAELITISM, AND NOTES ON THE CONSTRUCTION OF 

SHEEPFOLDS. 

In 1 vol. 50 cts. 

" There is much to be collected from it which it is very important to remember."— 
Guardian. 

5.— LECTURES ON ARCHITECTURE AND PAINTING. 
Delivered at Edinburgh in Nov. 1853. 1 vol. 12mo. With fifteen illustrations on tinted 
paper, after Drawings by the author. $1 25. 

6.— THE ELEMENTS OF DRAWING. 
In Three Letters to Beginners. 1 vol. Plates. 75 cts. 

"We close this book, feeling confident that no student of Art should launch forth 
without this work as a compass in the binnacle." — Athenaeum. 

7.— THE POLITICAL ECONOMY OF ART; 

Being the Subject (with additions) of two lectures delivered at Manchester Julv 1857 
1 vol. 50 cts. ," 

. " It is needless to criticise or commend the works of Euskin."— jr. Y. Observer. 

8— THE BEAUTIES OF RUSKIN; 
Or, the True and the Beautiful in Nature, Art, Morals, and Religion. Selected frorr the 
works of John Euskin, with a notice of the author. By Mrs. L. C Tuthill 1 vol SI 25 

This elegant volume though composed only of extracts, has been so handled, aa to 
possess all the interest of a continuous work on Art, etc, arranged in chapters without 
its technicalities, making it an agreeable companion to the Drawing Eooin. 

" The author Is an enthusiast, and inspires the reader with his own intense love for the 
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DOWNING, A. J. THE FRUITS AND FRUIT TREES OF AMERICA, 

Or, the Culture-, Propagation, and Management in the Garden and Orchard of Fruit 
Trees generally; with descriptions of all the finest varieties of fruit, native and foreign, 
cultivated in this country. Now edition, thoroughly revised, with very large additions, 
especially in apples and pears. Edited by Charles Downing, Esq., brother of the late 
A. J. Downing. One vol. 12ino., containing over 750 pages. $1 50. 

'• No man who has a plot of 50 feet square should be without this book ; while to the 
owner of acres it is beyond all price." — Newburgh Gazette. 

" This book is, therefore, in our opinion, the very best work on Fruits that we have."— 
A m erican A gricult urist. 

" We hail the present work as the best American Fruit Book extant."— Ohio Culti 
motor. 

DOWNING, A. J. COTTAGE RESIDENCES: 

A Series of Designs for Burai Cottages and Cottage Villas, and their Gardens and Grounds, 
adapted to North America. Illustrated by numerous engravings. Third edition. 8vo. 
Cloth. $2 00. 

" Here are pleasant precepts, suited to every scale of fortune among us ; and general 
maxims which may be studied with almost equal profit by the householder in the crowd- 
ed city and the man of taste who retires with a full purse, to embody his own ideas of a 
rural home." 

in. 
DOWNING, A. J. LINDLEY'S HORTICULTURE. 
"With additions. One vol. 12mo. $1 25. 

DOWNING, A. J. LOUDON'S GARDENING FOR LADIES, 
And Companion to the Flower Garden. By Mrs. Loudon. 12mo. Cloth. $1 25. 

DOWNING, A J. WIGHTWICK'S HINTS TO YOUNG ARCHITECTS, 
Calculated to facilitate their practical operation; with additional Notes and Hints to 
Persons about Building in the Country. 8vo. Cloth. $1 50. 

PARSONS ON' THE ROSE. 
The Rose — Its History, Poetry, Culture, and Classification. "With two large colored 
plates, and other engravings. In one vol. 12mo. New edition, with additions. Cloth. 
$1 00. 

"This elegant volume, devoted to a subject of universal attractiveness, and exhausting 
most of the learning which applies to it, deserves a wide popularity." 

VII. 

KEMP ON LANDSCAPE GARDENING. 

How to Lay Out a Garden. Intended as a general Guide in choosing, forinlt «-, or im- 
proving an estate (from a quarter of an acre to a hundred acres in extent), with reference 
to both design and execution. By Edward Kemp, Landscape Gardener, Birkenhead 
Park, Greatly enlarged, and illustrated with numerous plans, sections, and sketches of 
gardens and garden objects. 1 vol. 12mo. Cloth. Gilt. $2 00. 

" This is just the book that thousands want." — N. Y. Observer. 

" It should be in the hands of every one who makes even the slightest pretensions to 
Gardening."— PliUa. City Item. 

CLAUSSEN. THE FLAX MOYEMENT. 
Its Importance and Advantages ; with Directions for the Preparation of Flax Cotton, and 
the Cultivation of Flax. By the Chevalier Claussen. 12mo. 12 cents. 
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